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IkB kinase, subunits thereof, and methods of using same 

This invention was made with government support 
under grant number CA50528 awarded by the National 
Institutes of Health. The government has certain rights 
5 in the invention. 

BACKGROUND OF THE INVENTION 

ELSLS OF THE INVENTION 

The present invention relates generally to 
molecular biology and biochemistry and more specifically 
10 to a protein kinase, IkB kinase, which is activated in 
response to environmental stresses and proinflammatory 
signals to phosphorylate inhibitors of the NF-kB 
transcription factors and to methods of using the protein 
kinase . 

15 BACKGROUND INFORMATION 

The induction of gene expression due to 
exposure of a cell to a specific stimulus is a tightly 
controlled process. Depending on the inducing stimulus, 
it can be critical to survival of the cell that one or 

20 more genes be rapidly induced, such that the expressed 
gene product can mediate its effect. For example, an 
inflammatory response stimulated due to an injury to or 
infection of a tissue results in rapid vasodilation in 
the area of the injury and infiltration of effector cells 

25 such as macrophages. Vasddrlation occurs, within minutes 
of the response and is due, in part, to the expression of 
cytokines in the injured region. 



30 



The rapid induction, for example, of an 
inflammatory response or an immune response, requires 
that the transcription factors involved in regulating 
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such responses be present in the cell in a form that is 
amenable to rapid activation. Thus, upon exposure to an 
inducing stimulus, the response can occur quickly. If # 
on the other hand, such transcription factors were not 
5 already present in a cell in an inactive state, the 

factors first would have to be synthesized upon exposure 
to an inducing stimulus, greatly reducing the speed with 
which a response such as an inflammatory response could 
occur . 

10 Regulation of the activity of transcription 

factors involved in such rapid induction of gene 
expression can occur by various mechanisms. For example, 
in some cases, a transcription factor that exists in an 
inactive state in a cell can be activated by a post- 

15 translational modification such as phosphorylation on one 
or more serine, threonine or tyrosine residues. In 
addition, a transcription factor can be inactive due to 
an association with a regulatory factor, which, upon 
exposure to an inducing stimulus, is released from the 

20 transcription factor, thereby activating the 

transcription factor. Alternatively, an inactive 
transcription factor may have to associate with a second 
protein in order to have transcriptional activity. 

Rarely, as in the case of glucocorticoids, the 
25 inducing stimulus interacts directly with the inactive 
transcription factor, rendering it active and resulting 
in the induction of gene expression. More often, 
however, an inducing stimulus initiates the induced 
response by interacting with, a .speci_f ic receptor present 
30 on the cell membrane or by entering the cell and 

interacting with an intracellular protein. Furthermore, 
the signal generally is transmitted along a pathway, for 
example, from the cell membrane to the nucleus, due to a 
series of interactions of proteins. Such signal 
35 transduction pathways allow for the rapid transmission of 
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an extracellular inducing stimulus such that the 
appropriate gene expression is rapidly induced. 

Although the existence of signal transduction 
pathways has long been recognized and many of the 
5 cellular factors involved in such pathways have been 

described, the pathways responsible for the expression of 
many critical responses, including the inflammatory 
response and immune response, have not been completely 
defined. For example, it is recognized that various 

10 inducing stimuli such as bacteria or viruses activate 
common arms of the immune and inflammatory responses. 
However, differences in the gene products expressed also 
are observed, indicating that these stimuli share certain 
signal transduction pathways but also induce other 

15 pathways unique to the inducing stimulus. Furthermore, 
since inducing agents such as bacteria or viruses 
initially stimulate different signal transduction 
pathways, yet induce the expression of common genes, some 
signal transduction pathways must converge at a point 

20 such that the different pathways activate common 
transcription factors . 

A clearer understanding of the proteins 
involved in such pathways can allow a description, for 
example, of the mechanism of action of a drug that is 

25 known to interfere with the expression of genes regulated 
by a particular pathway, but the target of which is not 
known. In addition, the understanding of such pathways 
can allow the identification of a defect in the pathway 
that is associated with a disease such as cancer. For. 

30 example, the altered expression of cell adhesion 

molecules is associated with the ability of a cancer cell 
to metastasize. However, the critical proteins involved 
in the signal transduction pathway leading to expression 
of cell adhesion molecules have not been identified. 

3 5 Thus, a need exists to identify the proteins involved in 
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signal transduction pathways, particularly those proteins 
present at the convergence point of different initial 
pathways that result in the induction, for example, of 
gene products involved in the inflammatory and immune 
5 responses. The present invention satisfies this need and 
provides related advantages as well. 

SUMMARY OF THE INVENTION 

The present invention provides isolated nucleic 
acid molecules encoding full length human serine protein 

10 kinases, designated IkB kinase (IKK) subunits IKKoe and 
IKKp. The disclosed IKK subunits share substantial 
sequence homology and are activated in response to 
proinflammatory signals to phosphorylate proteins (IkB's) 
that inhibit the activity of the NF-kB transcription 

15 factor. 

For example, the invention provides a nucleic 
acid molecule having the nucleotide sequence shown as SEQ 
ID NO: 1, which encodes a cytokine inducible IkB kinase 
subunit designated IECKa, particularly the sequence shown 

20 as nucleotides -35 to 92 in SEQ ID NO: 1, and nucleic 

acid molecules encoding the amino acid sequence shown as 
SEQ ID NO: 2, as well as nucleotide sequences 
complementary thereto. In addition, the invention 
provides a nucleic acid molecule having the nucleotide 

25 sequence shown as SEQ ID NO: 14, which encodes a second 
cytokine inducible IkB kinase subunit, designated IKKfJ, 
and nucleic acid molecules encoding the amino acid 
sequence shown as SEQ ID NO: 15, as well nucleotide 
sequences complementary thereto. The invention also 

30 provides vectors comprising the nucleic acid molecules of 
the invention and host cells containing such vectors. 

In addition, the invention provides nucleotide 
sequences that bind to a nucleic acid molecule of the 
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invention, including to nucleotides -35 to 92 as shown in 
SEQ ID NO: 1. Such nucleotide sequences of the invention 
are useful as probes, which can be used to identify the 
presence of a nucleic acid molecule encoding an IKK 
5 subunit in a sample, and as antisense molecules, which 
can be used to inhibit the expression of a nucleic acid 
molecule encoding an IKK subunit . 

The present invention also provides isolated 
full length human IKK subunits, which can phosphorylate 

10 an IkB protein. For example, the invention provides an 
IKKa polypeptide having the amino acid sequence shown as 
SEQ ID NO: 2, particularly the amino acid sequence 
comprising amino acids 1 to 31 at the N- terminus of the 
polypeptide of SEQ ID NO: 2. In addition, the invention 

15 provides an IKK0 polypeptide having the amino acid 
sequence shown as SEQ ID NO: 15. The invention also 
provides peptide portions of an IKK subunit, including, 
for example, peptide portions comprising one or more 
contiguous amino acids of the N- terminal amino acids 

20 shown as residues 1 to 31 in SEQ ID NO: 2. A peptide 

portion of an IKK subunit can comprise the kinase domain 
of the IKK subunit or can comprise a peptide useful for 
eliciting production of an antibody that specifically 
binds to an IkB kinase or to the IKK subunit, 

25 Accordingly, the invention also provides anti-IKK 
antibodies that specifically bind to an IKK complex 
comprising an IKK subunit, particularly to the IKK 
subunit, for example, to an epitope comprising at least 
one of the amino acids shown as residues 1 to 31 of SEQ 

30 ID NO: 2, -and-al-so provides IKK subunit -binding fragments 
of such antibodies. In addition, the invention provides 
cell lines producing ant i- IKK antibodies or IKK-binding 
fragments thereof. 

The invention also provides isolated IkB kinase 
35 complexes. As disclosed herein, an IKK complex can have 
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l about 900 kDa or about 300 
an apparent J^^,*. in part, ^ 

kDa . an IKK ccp-x c,a t ^ ^ ^ or both 

lt comprises an IKKa ■ . 
and can phosphorylate an Ik 

further provides methods 
Th e present invent- furth^ ^ ^ 

for isolating an IKK complex or ^ 
as methods of identify a * subunit with a 
___<*r.ion of an IKK complex or ^ vitro or 
* OD " ... fc v.-i- associates w« . 
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20 



!:;„„,lon of an IKK complex or an ^ ^ or 

ln vivo, suoh a second ^ „ hich u a substrate 

mother IKK subunit; an MP a ^ transdu otron 

£or IKK active and « «-» e>cpr ession of a 

pa thway that results » the r ^ ^ ^ , 

P g .ne,- a protein that rs jstrea ^ ac avrty; 

15 9 signal transduction pathway a ^ ^ 

or a protein that acts as a 9 £or full 

Kinase or of an IKK suhunrt and » ^ ^ cha 

act ivation of the » . second protein can 

association of an IKK sub tiaa , a 

b e, for exa^le, a peptxde a polVT P^ uie 

pept idomimetic or a -» • « " ^ o£ ph osphorylatron 
« b ' th-by "^latin, the -^^ t- 

° £ the cell and the expression of a 9 ene 

HF-kB in the ceiJ- 

25 by NF-kB' 

► also provides methods of 
The ^""^f^^eract with an 1KB 
identifying proterns that ^ ^ protama 

ttnass, including. o£ .. Ae .. I KK„s B ch as a 

„ h ich can be a ^^"^s or an upstream 
"~ * r aTe g r»ry1ubunit of an IK, Such 

w> isolated, tor exdm F ^ an( j and 

S ubunit can be IKK subunit as a Ugand, 

with the IKK or by uSin 9 ue speC1 fxc 

can be involved, for example, 
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regulation of NF-kB activation and consequent tissue 
specific gene expression. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a nucleotide sequence (SEQ ID 
5 NO: 1; lower case letter) and deduced amino acid sequence 
(SEQ ID NO: 2; upper case letters) of full length human 
IKKa subunit of an IKK complex. Nucleotide positions are 
indicated to the right and left of the sequence; the "A" 
of the ATG encoding the initiator methionine is shown as 
10 position 1. Underlined amino acid residues indicate the 
peptide portions of the protein ("peptide 1" and 
"peptide 2") that were sequenced and used to design 
oligonucleotide probes. The asterisk indicates the 
sequence encoding the STOP codon. 

15 Figure 2 shows a nucleotide sequence (SEQ ID 

NO: 14) encoding a full length IKKp polypeptide (see 
Figure 3) . Numbers to the left and right of the sequence 
indicate nucleotide position number. The initiator ATG 
codon is present at nucleotides 36-38 and the first stop 

20 codon (TGA) is present at* nucleotides 2304-2306. 

Figure 3 shows an alignment of the deduced 
amino acid sequences of IKKa ("a", SEQ ID NO: 2) and IKK(J 
("P" , SEQ ID NO: 15). Numbers to the right of the 
sequences indicate the respective amino acid positions . 

25 Underlined amino acid residues indicate peptide portions 
of the IKKp subunit that, were sequenced and used to 
search an EST database (see Example III). Vertical bars 
between amino acid residues indicate identical amino 
acids; two dots between amino acid residues indicates 

30 very similar amino acids (e.g., Glu and Asp; Arg and Lys) 
and one dot between amino acid residues indicates a 
lesser degree of similarity. A dot within an amino acid 
sequence indicates a space introduced to maintain 
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for example, a 
molecule can * ^acid — ' 

the mate" , golated nuclel c act jBount 

obtained. Thns. comparing the reia 

= Identified, tor <«« ,le ' traction o£ a cell lysate 

5 , the nucleic acid with the relet- 

obtained WK-*^ molac ule in the cell, l»«lf • 



....„»«■ IKK subunits 
IK Ko and IKK. have been ^ ~ ^ 

because they are "JSitY a „d because they 

^ » diSCl ° Se f Catalytic subunits (see 

— ,r *ns - - «- can be 

" 1^ in a single step, -^^^ £ or an IKK 
Imunoprecipitation using » ~ ^ chromatography 
eobuait or by using metal i ^ alBO can 

^10^ herein and haa Unase activity 

« rjrr^rtte 

„l»ted to SEQ ID W" 1 
Bu cleic acid ^-^^Uy and «arca, all. 
piously have been dee- e d C~JT ^ 
Ll^— ^ "tr xample, Connelly and Marcu 
-,, herein by reference) . W ^ d ^ecul. 

,h. a 3466 base pair (bp) n whioh IS 

describe a 3* «rtl2473i Locus MMO , 

lGa „ B anK Accession W» • whicn e aoodes a full 

incorporated herein * an apparent ^a™ 1 " 

length mouse polypeptide hav g d chok. a » 

30 mass o, e, ^ 7^ accession 

bp nucleic acid ~W herein by 
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mass of S3 e (GeI * a „ k Accession 

bp aucleic acid molecul rate d herein by 

xlcus HS« . ^^on of the polypeptide 

reference), which encode a P Howev er, the 

sh own in SEO ID K. 2 J^"^ » m2512 lacfcs amino 
amino acid sequence deduce 
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v in SEQ ID NO: 2 and, therefore, is 
acids 1 to 3! as shown » SEQ ^ 
not a full length P^""- u sEQ ID NO: 1 as compared 
nucleotide '^ including nucleotide changes 

co the sequence o£ #022512, i ons 543 , 604, 

s that encode different amrno acid- P ^ ^ 
679 , 680, 684 and 685 o£ The 
chang es also occur at ^ fences o£ 

polypeptides -°^ 7 h ; n r ita22 sl 2 share about 
onnit Accession #U1247J ^ ^ ^ substantially 

10 identity at the amino acid «v~ ^ ^ ^ £unction ^ 
similar to that shown inj*a ^ described by 

been cemonstrated £or the PO yp^ ^ ^ ^ 
Connelly and Marcu, although 3 ^ ^ human 

15 r^rtoTr y as disclosed herein. 

exemplified by the nucleoid qu ^ (SEQ 

!, which encodes a ful 1 9 ^ stimula ted by 

B0 , „ Figure 1), the activity ^ ^ ^ ID 

20 a cytokine or other P-nH« ^ ^ „ B0 , 15) 
HOi M . which encodes a full ^ ^ ^ ^ view o£ 
Du e to the degeneracy of th g ^ ^ ^ length huraan 
the disclosed amino acid sequ ^ ^ j5) _ 

IK K» (SEQ ID NO: 2, and - ^ lnvent ion would 

25 additional nucleic acid jlecu ^ ^ nuol 

be wall known to those skill ^ nucleoCiQe sequence 

acid molecules, »«»=«™ ^ ^ nevercnel ess , 

th at is different from SEQ ID ^ SEQ ID NO: 2, or 

encodes -the. amino acrd sequence ^ ??Q _ ID 

30 have a nucleotide sequence t ^ acid 3 ^ enc e 

„, 14 but, neverthe ess, enc , 
sho(m as SEQ ID NO, 15. • sequence 

nucleic acid of a full length human 

ancodin, the amino acrd sequen^ ^ ^ ^ ^ sEQ 

IKKa as shown m s»aQ * D 
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•„ reference to -a nucleic acid 
M used herern. reter ^ ^ 

molecule encoding an » o£ . d ouble 

polynucleotide the nuc leotide sequence 

stranded Dm molecule can te transcribed 

that codes for the K. [<^\™ bM or » an OA 
ln to an RNA that encode the ^ ^ subunlt 

molecule. a T^ le stranded » molecule also 

, —i'e-tarv to the • 
arscloeure or a P^-^JJ^. the complementary 
coding sequence "^"^^ly. the invention 
polynucleotide sequence. lnc iuding, tor 

'provides polynucleotide B^ces polyri bonucleotide 

5 example. P^^ 1 ^^ to the nucleotide 
sequences that are *^" r a3 sEQ IB ». 14, or 



20 



a n-leic acid molecul ^ ^ a3 SEQ ID NO: 3 ~ 

having the ammo acrd ^ 

as SEQ ID -O: 15. respectrvely 

a herein, the term -polynucleotide, as 
As used herem, w 

U9 ed in its broadest * * M \ 

nucleotides or nucleotrde analog ^ herein 

- "° U C^ or nucleotide analogs linked 

m ean two or more thQsa in the art will 

by a covalent bond, although th , ^ ^ ^ 

recognize that eUgonudeot rdes 9 are a 

— £i£t ^. M :r;:rr meaning or the term 
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^ £i nii:"L; meaning or the ter. 

subset- wi-thin. tne " . ... . 

..polynucleotide." 

In general, the nucleotides comprising a 

nucleotide are ^J^, cytosine, guanine 
deoxyribonucleotrdes such ^ ^^rdes 

or thymine Xi*-» ^ or uracil linhed to 

such as adenine, cyt 
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a polynucleotide also can comprise 
rioose. However a polyn non . naturally occurring 
nucleotide analogs, inci nat urally occurring 

poiynucleotides «« e »»» 9 , XM *> , uellinek et 

et al.. H as£U - &fiid t E ^63-113« (1995); ^gratis et al., 
al ., Eiaahsmittiy 34:113 " 7)) . me covalent bond 

Sa£UES-Bi2SfiSlffi°^ 15.68-^ ^ _ lvnucleotlde generally Is 
10 linking the nucleotides — — ^ oovalent bo nd also 
a pnosphodiester bond. Howe ^ _ 

- - "* t TITbosp^otbioate bond, a peptide-like 
tniodiester bond, * ^ . n the art as 

nond or any other bond known 

„ useful for ^;:* It :„ et al., ^ 
poWeotrde see, ^ ^ ^ 

t- * — or r:rr»iu ^ 

20 polynucleotrde of the r Mcieot . deB or 

that the aelectron o P»^c t bond use d to link the 

nucleotide analogs and tn ^ Jor 

nucleotides will depend, rn p , ^ uhare 

which the polynucleotrde . P enviroMl ent 
25 a polynucleotide wrl ^ ^ actlvity , the artisan 

containing substantral nuclea ^ ^ ^ are 

will eelect nucleotid • -^V^. A poly nu=leotide 
r elatively rears - « , ^ ^ 



relatively resistant co nnrleot ides and 

v^mrallv occurring nucleotide 



30 phosphodiester bonds can ^ an 

be produced using recombinant D ^ compa rison, 

appropriate ^^^^^"J^ analogs or 

a polynucleotide -ds generally 

covalent bonds other than p v h an enzyme such 

3S wm be *^^ tt ^taln types of 
as T 7 polymerase can incorp 
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u fore can be used to produce 
nucleotide analogs and, there , ^ apprQpriate 

such a polynucleotide «oc*« tly 
template (Jellinek et al., supr 

f<«n also provides nucleotide 

5 sequences that can sy hyb ridizing 

ac id molecule of the invent.- Sue jr^ ^ ^ 
nucleotide sequences are use ■ encoding 
„hich can hybridize to a iie ntif ication of 

an IKK catalytic subunlt auu ----- nucleotlde 
10 the nucleic acid molecule n ^ ln part , in 

science of the inven «» in leogt h. such 

t nat it i. at i-t n^e nuc leot ^ ^ ^ 

3 equences being P" tlcular *L. and can be at least 
polymerase chain reaction UM.J ^ least 

seventeen nucleotides 1 hybridization 

sequences being P^^f^, can be used for PCR. 
probes , although such sequence ^ ^ o ^ rlBe at 
A nucleotide sequence o the on 92 as 

2 „ least six nucleotides to nuc ly aC least 

s „ovm in SEQ ID »0: 1 """"^ or no re as desired, 
nine nucleotides B- to conve ntional manner 

„ h ere SEQ ID NO, 1 is ».* per le£t) to the 

£r om the S.—s ^ q£ inven tion 

25 3 '-terminus. Sucn hods o£ diagnosing a 

are particularly use ul »^ 0 ^ - ., chara cterized by 
-T^S " - —nee, such nucleotide 
aberrant IKK actxv y be made 

— S ra:Xt ano - P-ide a standardized 
30 commercially avauaw 

diagnostic assay. , 

a3 the nucleotide sequence ^J^Z^ (Gen BanK 

£r om the sequence encoding the - ^ aoid 3 „. 

• ~ #tti9473) in the region 
35 Accession #U124 /-^ 
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Thus, a nucleotide sequence comprising nucleotides 88 to 
90 as shown in SEQ ID NO: 1, which encodes amino acid 30 
of human IKKa, can be particularly useful, for example, 
for identifying the presence of a nucleic acid molecule 
5 encoding a human IKKa in a sample. Furthermore, based on 
a comparison of SEQ ID NO: 1 with SEQ ID NO: 14, the 
skilled artisan readily can select nucleotide sequences 
that can hybridize with a nucleic acid molecule encoding 
a human IKKa or a human IKKP or both by designing the 

10 sequence to contain conserved or non- conserved nucleotide 
sequences, as desired. For example, selection of a 
nucleotide sequence that is highly conserved among SEQ ID 
NO: 1 and SEQ ID NO: 14 can allow the identification of 
related members of the IKK subunit family of proteins. 

15 In comparison, selection of a nucleotide sequence that is 
present, for example, in SEQ ID NO: 14, but that is not 
present in SEQ ID NO: 1 or that shares only minimal 
homology can allow identification of the expression of 
SEQ ID NO: 14 in a cell, irrespective of whether SEQ ID 

20 NO: 1 also is expressed in the cell. It should be 

recognized, however, that a nucleotide sequence of the 
invention readily is identifiable in comparison to 
GenBank Accession #U12473 or #U22512 in that a nucleotide 
sequence of the invention is not the nucleotide sequence 

25 of GenBank Accession #U12473 or #U22512. 

A nucleotide sequence of the invention can 
comprise a portion of a coding sequence of a nucleic acid 
molecule encoding an IKK subunit or of a sequence 
complementary thereto, depending on the purpose for which 
3 0 the nucleotide' sequence is to .be used. In addition, a 
mixture of a coding sequence and its complementary 
sequence can be prepared and, if desired, can be allowed 
to anneal to produce double stranded molecules. 

The invention also provides antisense nucleic 
3 5 acid molecules, which are complementary to a nucleic acid 
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molecule encoding an IKK subunit and can bind to and 
inhibit the expression of the nucleic acid molecule. As 
disclosed herein, expression of an antisense molecule 
complementary to the nucleotide sequence shown in SEQ ID 
NO: 1 inhibited the cytokine inducible expression of an 
NF-kB dependent reporter gene in a cell (Example H.B.). 
Thus, an antisense molecule of the invention can be 
useful for decreasing IKK activity in a cell, thereby 
reducing or inhibiting the level of NF-kB mediated gene 
expression. These experiments were performed twenty- four 
hours after the cells were transfected (Example H.B.). 
Expression of the antisense molecule in the cell also 
resulted in a decreased level of IKKa activity as 
compared to vector transfected control cells, indicating 
that the IKKa has a relatively short half life, 
Antisense nucleic acid molecules specific for IKKa or for 
IKKfS or for both can be designed based on the criteria 
discussed above for the selection of hybridizing 
nucleotide sequences. 

20 An antisense nucleic acid molecule of the 

invention can comprise a sequence complementary to the 
entire coding sequence of an IKK catalytic subunit such 
as a sequence complementary to SEQ ID NO: 1 or SEQ ID NO: 
14, provided the antisense sequence is not complementary 

25 in its entirety to the sequences of GenBank Accession 
#U12473 or #U22512. In addition, a nucleotide sequence 
complementary to a portion of a nucleic acid molecule 
encoding an IKK subunit can be useful as an antisense 
molecule, particularly a nucleotide sequence 

30 complementary -to nucleotides -35 to 92 of SEQ ID NO: 1 
or, for example, a nucleotide sequence comprising at 
least 9 nucleotides on each side of the ATG encoding the 
initiator methionine (complementary to positions -9 to 12 
of SEQ ID NO: 1) or, if desired, at least 17 nucleotides 

35 on each side of the ATG codon (complementary to positions 



15 
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-17 to 20 of SEQ ID NO: 1), or to the corresponding 
sequences of SEQ ID NO : 14 . 



Antisense methods involve introducing the 
nucleic acid molecule, which is complementary to and can 
5 hybridize to the target nucleic acid molecule, into a 
cell. An antisense nucleic acid molecule can be a 
chemically synthesized polynucleotide, which can be 
introduced into the target cells by methods of 
transf ection, or can be expressed from a plasmid or viral 

10 vector, which can be introduced into the cell and stably 
or transiently expressed using well known methods (see, 
for example, Sambrook et al., Molecular Cloning r A 
laboratory manual (Cold Spring Harbor Laboratory Press 
1989); Ausubel et al., Current Protocols in Molecular 

15 Biology (Green Publ . , NY 1989), each of which is 

incorporated herein by reference) . One in the art would 
know that the ability of an antisense (or other 
hybridizing) nucleotide sequence to specifically 
hybridize to the target nucleic acid sequence depends, 

20 for example, on the degree of complementarity shared 

between the sequences, the GC content of the hybridizing 
molecules, and the length of the antisense nucleic acid 
sequence, which can be at least ten nucleotides in 
length, generally at least thirty nucleotides in length 

25 or at least fifty nucleotides in length, and can be up to 
the full length of a nucleotide sequence of SEQ ID NO: 1 
or SEQ ID NO: 14 or a nucleotide sequence encoding an IKK 
subunit as shown in SEQ ID NO: 2 or in SEQ ID NO: 15 (see 
Sambrook et al . , supra, 1989) . 

30 The invention also provides vectors comprising 

a nucleic acid molecule of the invention and host cells, 
which are appropriate for maintaining such vectors. 
Vectors, which can be cloning vectors or expression 
vectors, are well known in the art and commercially 

35 available. An expression vector comprising a nucleic 
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nucleic acid molecule can be expressed are well known 
(see, for example, Goeddel, supra, 1990) . 

Selectable marker genes encoding, for example, 
a polypeptide conferring neomycin resistance (Neo R ) also 
5 are readily available and, when linked to a nucleic acid 
molecule of the invention or incorporated into a vector 
containing the nucleic acid molecule, allows for the 
selection of cells that have incorporated the nucleic 
acid molecule. Other selectable markers such as that 
10 conferring hygromycin, puromycin or ZEOCIN (Invitrogen) 
resistance are known to those in the art of gene transfer 
can be used to identify cells containing the nucleic acid 
molecule, including the selectable marker gene. 

A "suicide" gene also can be incorporated into 
15 a vector so as to allow for selective inducible killing 
of a cell containing the gene* A gene such as the herpes 
simplex virus thymidine kinase gene (TK) can be used as a 
suicide gene to provide for inducible destruction of such 
cells. For example, where it is desired to terminate the 
20 expression of an introduced nucleic acid molecule 

encoding IKK or an antisense IKK subunit molecule in 
cells containing the nucleic acid molecule, the cells can 
be exposed to a drug such as acyclovir or gancyclovir, 
which can be administered to an individual. 

25 Numerous methods are available for transferring 

nucleic acid molecules into cultured cells, including the 
methods described above. In addition, a useful method 
can be similar to that employed in previous human gene 
transfer studies, where tumor infiltrating lymphocytes 

30 (TILs) were modified by retroviral gene transduction and 
administered to cancer patients (Rosenberg et al., New 
Engl. J. Med. 323:570-578 (1990)). In that Phase I 
safety study of retroviral mediated gene transfer, TILs 
were genetically modified to express the Neomycin 
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resistance (Neo R ) gene. Following intravenous infusion, 
polymerase chain reaction analyses consistently found 
genetically modified cells in the circulation for as long 
as two months after administration. No infectious 
5 retroviruses were identified in these patients and no 
side effects due to gene transfer were noted in any 
patients. These retroviral vectors have been altered to 
prevent viral replication by the deletion of viral gag, 
pol and env genes. Such a method can also be used ex 
10 vivo to transduce cells taken from a subject (see 
Anderson et al., U.S. Patent No. 5,399,346, issued 
March 21, 1995, which is incorporated herein by 
reference) . 

When retroviruses are used for gene transfer, 
replication competent retroviruses theoretically can 
develop due to recombination of retroviral vector and 
viral gene sequences in the packaging cell line utilized 
to produce the retroviral vector. Packaging cell lines 
in which the production of replication competent virus by 
recombination has been reduced or eliminated can be used ; 
to minimize the likelihood that a replication competent 
retrovirus will be produced. Hence, all retroviral 
vector supernatants used to infect cells will be screened 
for replication competent virus by standard assays such 
as PCR and reverse transcriptase assays . 

To function properly, a cell requires the 
precise regulation of expression of nearly all genes. 
Such gene regulation is accomplished by activation or 
repression of transcription by various , transcription 
30 factors, which interact directly with regulatory 

sequences on nuclear DNA. The ability of transcription 
factors to bind DNA or activate or repress transcription 
is regulated in response to external stimuli. In the 
case of the transcription factor NF-kB, critical factors 
3 5 involved in the signaling pathway mediating its 
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activation have not been identified (Verma, et al . , Genes 
Devel. 9:2723-2735 (1995); Baeuerle and Baltimore, Cell 
87:13-20 (1996) ) . 

NF-kB is a member of the Rel family of 
5 transcription factors, which are present in most if not 
all animal cells (Thanos and Maniatis, Cell 80:629-532 
(1995)). Rel proteins, which include, for example, Rel A 
(p65) , c-Rel, p50, p52 and the Drosophila dorsal and Dif 
gene products, are characterized by region of about 300 
10 amino acids sharing approximately 35% to 61% homology 
("Rel homology domain") . The Rel homology domain 
includes DNA binding and dimerization domains and a 
nuclear localization signal . Rel proteins are grouped 
into one of two classes, depending on whether the protein 
15 also contains a transcriptional activation domain 

(Siebenlist et al . , Ann. Rev f Cell JBjol. 10:405-455 
(1994) ) . 

Rel proteins can from homodimers or 
heterodimers, which can be transcriptionally activating 

20 depending on the presence of a transactivation domain. 
The most common Rel/NF-KB dimer, which is designated 
"NF-kB," is a p50/p65 heterodimer that can activate 
transcription of genes containing the appropriate kB 
binding sites. p50/p65 NF-kB is present in most cell 

25 types and is considered the prototype of the Rel/NF-KB 
family of transcription factors. Different dimers vary 
in their binding to different kB elements, kinetics of 
nuclear translocation and levels of expression in a 
tissue (Siebenlist- et al . , supra, 1994). As used herein, 

30 the term "Rel/NF-KB" is used to refer generally to the 

Rel family of transcription factors, and the term "NF-kB" 
is used to refer specifically to the Rel/NF-KB factor 
consisting of a p50/p65 heterodimer. 
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mediated signals (Baldwin, Ann . Rev . I mmuno 1 . 14:649-681 

(1996) , which is incorporated herein by reference) . 

Regulation of specific genes by NF-kB can 
require interaction of NF-kB with one or more other DNA 
5 binding proteins. For example, expression of E-selectin 
requires an interaction of NF-kB, the bZIP protein ATF-2 
and HMG-I(Y), and expression of the IL-2 receptor q gene 
requires an interaction of NF-kB, HMG-I(Y) and the 
ets-like protein, ELF-l (Baldwin, supra, 1996) . 

10 The numerous agents that induce activation of 

NF-kB likely act through various converging signal 
transduction pathways, including pathways involving 
activation of protein kinase C, Raf kinase and tyrosine 
kinases. The ability of antioxidants to inhibit NF-kB 

15 activation by various inducing agents suggests that 

reactive oxygen species are a converging point of such 
pathways (Siebenlist et al., supra, 1994). 

Upon activation by an appropriate inducing 
agent , a Rel /NF-kB dimer is translocated into the 

20 nucleus, where it can activate gene transcription. The 
subcellular localization of a Rel/NF-KB is controlled by 
specific inhibitory proteins ("inhibitors of Rel/NF-KB" 
or "IkB's"), which noncovalently bind the Rel/NF-KB and 
mask its nuclear localization signal (NLS) , thereby 

25 preventing nuclear uptake. Various IkB's, including, for 
example, iKBa, IkB(J, Bel -3 and the Drosophila cactus gene 
product, have been identified (Baeuerle and Baltimore, 
supra, 1996) . In addition, Rel precursor proteins, such 
as pl05 and plOO, which are precursors of p50 and p52, 

30 respectively, function as IkB • s (Siebenlist et al., 

supra, 1994) . IkBcx and IkB(1 are expressed in most cell 
types and generally bind p65- and c -Rel -containing 
Rel/NF-KB dimers. Other IkB's appear to be expressed in 
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a tissue specific manner (Thompson et al . , Cell 
80:573-582 (1995) ) . 

IkB proteins are characterized by the presence 
of 5 to 8 ankyrin repeat domains, each about 30 amino 
5 acids, and a C- terminal PEST domain. For example, IkBcx 
contains a 70 amino acid N- terminal domain, a 2 05 amino 
acid internal domain containing the ankyrin repeats, and 
a 42 amino acid C- terminal domain containing the PEST 
domain (Baldwin, supra, 1996) . Although IkB proteins 

10 interact through their ankyrin repeats with the Rel 
homology domain of Rel/NF-KB dimers, binding of 
particular IkB proteins with particular Rel/NF-KB 
proteins appears to be relatively specific. For example, 
iKBa and IkB(J associate primarily with RelA- and c-Rel- 

15 containing Rel/NF-KB dimers, thereby blocking their 

nuclear localization signal. The binding of an IkB to 
NF-kB also interferes with the ability of NF-kB to bind 
DNA. However, whereas IkBcx is phosphorylated following 
exposure of cells to tumor necrosis factor (TNF) , IL-1, 

20 bacterial lipopolysaccharide (LPS) or phorbol esters, 
IkBP is phosphorylated in certain cell types only in 
response to LPS or IL-1 (Baldwin, supra, 1996) . However, 
in other cell types, IkB(J is phosphorylated in response 
to the same signals that induce IkBcx, although with 

25 slower kinetics than IkBcx (DiDonato et al., Mol. Cell. 
Biol . 16:1295-1304 (1996), which is incorporated herein 
by reference) . 

Formation of a complex between an IkB protein 
and a Rel protein is due to an interaction of the ankyrin 

30 domains with a Rel homology domain (Baeuerle and 

Baltimore, supra, 1996) . Upon exposure to an appropriate 
stimulus, the IkB portion of the complex is rapidly 
degraded and the Rel/NF-KB portion becomes free to 
translocate to the cell nucleus. Thus, activation of a 

35 Rel/NF-KB does not require de novo protein synthesis and, 
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NF-kB and, as a result, activation of NF-kB is more 
persistent (Thompson et al., supra, 1995). 

A constitutively active multisubunit kinase of 
approximately 700 kDa phosphorylates IkBqc at Ser-32 and 
5 Ser-36 and, in some cases, requires polyubiquitination 
for activity (Chen et al., Cell 84:853-862 (1996); Lee et 
al., Cell 88:213-222 (1997)). The mitogen-activated 
protein kinase/ERK kinase kinase -1 (MEKK1) phosphorylates 
several proteins that copurify with this complex and have 

10 molecular weights of approximately 105 kDa, 64 kDa and 

» 

54 kDa; three other copurifying proteins having molecular 
weights of about 200 kDa, 180 kDa and 120 kDa are 
phosphorylated in the absence of MEKK1 (Lee et al . , 
supra, 1997) . However, a catalytically inactive MEKK1 
15 mutant, which can block TNFa mediated activation of the 
jun kinase, does not block NF-kB activation (Liu et al., 
Cell 87:565-576 (1996)). 

Overexpression of MEKK1 also induces the site- 
specific phosphorylation of IicBa in vivo and can directly 

2 0 activate IkBcx in vitro by an ubiquit in- independent 

mechanism. However, MEKK1 did not phosphorylate IkBcx at 
Ser-32 and Ser-36 in the in vitro experiments, indicating 
that it is not an IkBcx kinase, but may act upstream of 
IkBoc kinase in a signal transduction pathway (Lee et al., 

25 supra, 1997) . 

In addition to the above described ubiquitin 
dependent kinase 700 kDa complex, an ubiquitin 
independent 700 kDa complex, as well as -an ubiquitin 
independent 300 kDa kinase complex phosphorylates IkBcx 
30 Ser-32 and Ser-36, but not a mutant containing threonines 
substituted for these serines (Baeuerle and Baltimore, 
supra, 1996) . The specific polypeptides responsible for 
the IkB kinase activity of these complexes have not been 
described. 
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The present invention provides an isolated IkB 
kinase (IKK) , including isolated full length IKK 
catalytic subunits . For example, the invention provides 
an isolated 300 kDa or 900 kDa complex, which comprises 
5 an IKKa or an IKK3 subunit and has IkB kinase activity 
(see Examples I, III and IV) . In addition, the invention 
provides is an isolated human IKKa catalytic subunit {SEQ 
ID NO: 2; Example II) , which contains a previously 
undescribed. N- terminal amino acid sequence and 

10 essentially the C-terminal region of human CHUK (Connelly 
and Marcu, supra, 1995) and phosphorylates IkBck on Ser-32 
and Ser-36 and IkBP on Ser-19 and Ser-23 (DiDonato et 
al., supra, 1996; see, also, Regnier et al., supra, 
1997) . The invention also provides an isolated IKK(S 

15 catalytic subunit (SEQ ID NO: 15; Example III), which 

shares greater than 50% amino acid sequence identity with 
IKKa, including conserved homology in the kinase domain, 
helix-loop-helix domain and leucine zipper domain. 

As used herein, the term "isolated," when used 

20 in reference to an IkB kinase complex or to an IKK 
catalytic subunit of the invention, means that the 
complex or the subunit is relatively free from 
contaminating lipids, proteins, nucleic acids or other 
cellular material normally associated with an IKK in a 

25 cell. An isolated 900 kDa IkB kinase complex or 300 kDa 
complex can be isolated, for example, by 
immunoprecipitation using an antibody that binds to an 
IKK catalytic subunit (see Examples III and IV) . In 
addition, an. isolated IKK subunit can be obtained, for 

30 example, by expression of a recombinant nucleic acid 

molecule such as SEQ ID NO: 1 or SEQ ID NO: 14, or can be 
isolated from a cell by a method comprising affinity 
chromatography using ATP or IkB as ligands (Example I) or 
using an anti-IKK subunit antibody. An isolated IKK 

3 5 complex or IKK subunit comprises at least 3 0% of the 

material in a sample, generally about 50% or 70% or 90% 
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of a sample, and preferably about 95% or 98% of a sample, 
as described above with respect to nucleic acids. 

The amino acid sequences for MEKK1 (GenBank 
Accession # U48596; locus RNU48596) , PKR (GenBank 
5 Accession # M35663; locus HUMP 6 8 A) and CKII (GenBank 

Accession # M55268 J02924; locus HUMA1CKII) are different 
from the sequences of the IKK subunits disclosed herein 
(SEQ ID NO: 2 and SEQ ID NO: 15) and, therefore, are 
distinguishable from the present invention. In addition, 

10 a full length human IKKa of the invention is 

distinguishable from the partial human CHUK polypeptide 
sequence in that the partial human CHUK polypeptide 
(Connelly and Marcu, supra, 1995; GenBank Accession 
#22512) lacks amino acids 1 to 31 as shown in SEQ ID 

15 NO: 2. As disclosed herein, a polypeptide having the 

amino acid sequence of the partial human CHUK polypeptide 
does not have IkB kinase activity when expressed in a 
cell, indicating that some or all of amino acid residues 
1 to 31 are essential for kinase activity. 

20 A full length IKK catalytic subunit of the 

invention is exemplified by human IKKa, which has an 
apparent molecular mass of about 85 kDa and 
phosphorylates IkBoc on Ser-32 and Ser-36. An IKK 
catalytic subunit of the invention also is exemplified by 

25 IKKp, which is an 87 kDa polypeptide that shares 
substantial amino acid sequence homology with IKKa 
(Figure 3). As used herein, the term "full length," when 
used in reference to an IKK subunit of the invention, 
means a polypeptide having ah amino acid sequence of an 

30 IKK subunit expressed normally in a cell. Such a 
normally expressed IKK polypeptide begins with a 
methionine residue at its N- terminus (Met-1; Figure 3) , 
the Met-1 being encoded by the initiator ATG (AUG) codon, 
and ends as a result of the termination of translation 

3 5 due to the presence of a STOP codon. A full length human 
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IKK catalytic subunit can be a native IKK polypeptide, 
which is isolated from a cell, or can be produced using 
recombinant DNA methods such as by expressing the nucleic 
acid molecule shown as SEQ ID NO: 1 or SEQ ID NO: 14. 

5 The apparent molecular mass of an isolated IKK 

subunit can be measured using routine methods such as 
polyacrylamide gel electrophoresis performed in the 
presence of sodium dodecyl sulfate (SDS-PAGE) or column- 
chromatography performed under reducing and denaturing 
10 conditions. In addition, the ability of an IKK subunit 
to phosphorylate IkBcx on Ser-32 and Ser-36 can be 
identified using the methods disclosed herein. 

With regard to the disclosed 85 kDa and 87 kDa 
apparent molecular masses of human IKKa and IKKP, it is 

15 recognized that the apparent molecular mass of a 

previously unknown protein as determined, for example, by 
SDS-PAGE is an estimate based on the relative migration 
of the unknown protein as compared to the migration of 
several other proteins having known molecular masses. 

20 Thus, one investigator reasonably can estimate, for 
example, that an unknown protein has an apparent 
molecular mass of 82 kDa, whereas a second investigator, 
looking at the same unknown protein under substantially 
similar conditions, reasonably can estimate that the 

25 protein has an apparent molecular mass of 87 kDa. 

Accordingly, reference herein to an IkB kinase having an 
apparent molecular mass of "about 85 kDa" indicates that 
the kinase migrates by SDS-PAGE in an 8% gel under 
reducing conditions in the range of 80 kDa to 90 kDa, 

3 0 preferably in the range of 82 kDa to 87 kDa. 

Furthermore, reference herein to an 87 kDa IKK (J indicates 
that IKK(J has a relatively higher apparent molecular mass 
than the 85 kDa apparent molecular mass of IKKa. 
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particularly an IKK catalytic subunit, and to IKK subunit 
binding fragments of such antibodies. In addition, the 
invention provides cell lines producing anti-IKK 
antibodies or IKK-binding fragments of such antibodies. 

5 As used herein, the term "antibody" is used in 

its broadest sense to include polyclonal and monoclonal 
antibodies, as well as antigen binding fragments of such 
antibodies. With regard to an anti-IKK antibody of the 
invention, the term "antigen" means an IKK catalytic 

10 subunit protein, polypeptide or peptide portion thereof, 
or an IKK complex comprising an IKK catalytic subunit 
protein, polypeptide or peptide portion thereof. Thus, 
it should be recognized that, while an anti-IKK antibody 
can bind to and, for example, immunoprecipitate an IKK 

15 complex, the antibody specifically binds an epitope 
comprising at least a portion of an IKK catalytic 
subunit. An antibody of the invention also can be used 
to immunoprecipitate an IKK subunit, free of the IKK 
complex. 

20 An anti-IKK antibody, or antigen binding 

fragment of such an antibody, is characterized by having 
specific binding activity for an epitope of an IKK 
subunit of at least about 1 x 10 5 M" 1 , generally, at least 
about 1 x 10 6 M~\ Thus, Fab, F(ab') 2 , Fd and Fv fragments 

25 of an anti-IKK antibody, which retain specific binding 
activity for an IKK subunit, are included within the 
definition of an antibody. In particular, an anti-IKK 
antibody pan react with an epitope comprising the 
N- terminus of IKKa or with an epitope of IKKp, but not to 

3 0 a polypeptide having an amino acid sequence shown as 
residues 32 to 745 of SEQ ID NO: 2. 



The term "antibody" as used herein includes 
naturally occurring antibodies as well as non-naturally 
occurring antibodies, including, for example, single 
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chain antibodies, chimeric, bifunctional and humanized 
antibodies, as well as antigen-binding fragments thereof. 
Such non-naturally occurring antibodies can be 
constructed using solid phase peptide synthesis, can be 
5 produced recombinant ly or can be obtained, for example, 
by screening combinatorial libraries consisting of 
variable heavy chains and variable light chains as 
described by Huse et al., Science 246:1275-1281 (1989), 
which is incorporated herein by reference. These and 

10 other methods of making, for example, chimeric, 

humanized, CDR-grafted, single chain, and bifunctional 
antibodies are well known to those skilled in the art 
(Winter and Harris, Immunol. Tpcfo y 14:243-246 (1993); 
Ward et al., Nature 341:544-546 (1989) ; Harlow and Lane, 

15 Antibodies: A laboratory manual (Cold Spring Harbor 
Laboratory Press, 1988); Hilyard et al., Protein 

Engineering : A practical approach (IRL Press 1992); 

Borrabeck, Antibody Engineering . 2d ed. (Oxford 
University Press 1995) ; each of which is incorporated 

20 herein by reference) . 

An anti-IKK antibody of the invention can be 
raised using an isolated IKK subunit or a peptide portion 
thereof and can bind to a free, uncomplexed form of IKK 
subunit or can bind to IKK subunit when it is associated 

25 with a 300 kDa or 900 kDa IKK complex. In addition, an 
anti-IKK antibody of the invention can be raised against 
an isolated 300 kDa or 900 kDa IkB kinase complex, which 
can be obtained as disclosed herein. For convenience, an 
antibody of the invention is referred to generally herein 

30 as an " ant i- IkB kinase antibody" or an "anti-IKK 

antibody." However, the skilled recognize that the 
various antibodies of the invention will have unique 
antigenic specificities, for example, for a free or 
complexed IKK subunit, or both, or for a 300 kDa or 

35 900 kDa IkB kinase complex, or both. 
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Antibodies of the invention that bind to an 
activated IKK but not to an inactive IKK, and, 
conversely, those that bind to an inactive form of the 
kinase but not to the activated form also are 
5 particularly useful. For example, an IKK can be 
activated by phosphorylation of an IKK subunit and, 
therefore, an antibody that recognizes the phosphorylated 
form of the IKK, but that does not bind to the 
unphosphorylated form can be obtained. In addition, IKK 
10 can be activated by release of a regulatory subunit and, 
therefore, an antibody that recognizes a form of the IKK 
complex that is not bound to the regulatory subunit can 
be obtained. Such antibodies are useful for identifying 
the presence of active IKK in a cell. 

15 An anti-IKK antibody is useful, for example, 

for determining the presence or level of an IKK or of an 
IKK subunit in a tissue sample, which can be a lysate or 
a histological section. The identification of the 
presence or level of an IKK or an IKK subunit in the 

20 sample can be made using well known immunoassay and 
immunohistochemical methods (Harlow and Lane, supra, 
1988) . An anti-IKK antibody also can be used to 
substantially purify an IkB kinase or an IKK subunit from 
a sample. In addition, an anti-IKK antibody can be used 

25 in a screening assay to identify agents that alter the 
activity of an IkB kinase. 

A kit incorporating an anti-IKK antibody, which 
can be specific for the active or inactive form of IkB 
kinase or can bind to an IKK complex or to an IKK 

30 subunit, regardless of the activity state, can be 

particularly useful. Such a kit can contain, in addition 
to an anti-IKK antibody, a reaction cocktail that 
provides the proper conditions for performing the assay, 
control samples that contain known amounts of an IKK or 

35 IKK subunit and, if desired, a second antibody specific 
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converge (see, for example, Lee et al., supra, 1997), or 
can be the NF-kB- inducing kinase (NIK) , which reportedly 
is upstream from IKK in an NF-kB activation pathway 
(Regnier et al., supra, 1997; Malinin et al., Nature 
5 385:540-544 (1997)). 

A second protein also can be a regulatory 
protein, which associates with an IKK catalytic subunit 
in an IKK complex, either constitutively as part of a 
300 kDa or 900 kDa complex or in. response to activation 

10 of a pathway leading to IKK activation. Such a 

regulatory protein can inhibit or activate IKK activity 
depending, for example, on whether the regulatory protein 
is associated with IKK and whether the regulatory protein 
associates with an IKK catalytic subunit in a free form 

15 or as part of an IKK complex. The regulatory protein 
also can be important for "docking" a catalytic IKK 
subunit to its substrate. The ability of a regulatory 
protein to associate with or dissociate from an IKK 
subunit or IKK complex can depend, for example, on the 

20 relative phosphorylation state of the regulatory protein. 
It is recognized that an upstream activator of IKK also 
can interact with such a regulatory protein, thereby 
indirectly inhibiting or activating the IKK. 

As disclosed herein, two copurifying proteins 
25 were isolated by ATP and IkB affinity chromatography and 
identified by SDS-PAGE (Example I) . Partial amino acid 
sequences were determined and cDNA molecules encoding the 
proteins were obtained (see Examples I, II and III) . One 
of the proteins has ah apparent molecular mass of 85 kDa. 
30 Expression in a cell of a cDNA molecule encoding the 
85 kDa protein resulted in increased NF-kB activity 
following cytokine induction as compared to control 
cells, whereas expression of the antisense of this cDNA 
decreased the basal NF-kB activity in the cells and 
3 5 prevented cytokine induction of NF-kB activity. 
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can be, for example, an ant i- idiotypic antibody as 
described above, which can inhibit the association of an 
IKK and IkB . A peptide portion of iKBa comprising amino 
acids 32 to 36, but containing substitutions for Ser-32 
5 and Ser-36, is another example of such an agent, since 
the peptide can compete with IkBcx binding to IKK, as is 
the corresponding peptide of IkBP . 

A screening assay of the invention also is 
useful for identifying agents that directly alter the 

10 activity of an IKK. While such an agent can act, for 
example, by altering the association of an 
IKK complex or IKK catalytic subunit with a second 
protein, the agent also can act directly as a specific 
activator or inhibitor of IKK activity. Specific protein 

15 kinase inhibitors include, for example, staurosporin, the 
heat stable inhibitor of cAMP- dependent protein kinase, 
and the MLCK inhibitor, which are known in the art and 
commercially available. A library of molecules based, 
generally, on such inhibitors or on ATP or adenosine can 

20 be screened using an assay of the invention to obtain 
agents that desirably modulate the activity of an IKK 
complex or an IKK subunit. 

As disclosed herein, IKK activity can be 
measured by identifying phosphorylation, for example, of 

25 IkBc* , either directly or using an antibody specific for 
the Ser-32 and Ser-36 phosphorylated form of IKBa. An 
antibody that binds to IKBa that is phosphorylated on 
Ser-32, for example, can be purchased from a commercial 
source (New England Biolabs; Beverly MA) . Cultured cells 

30 can be exposed to various agents suspected of having the 
ability to directly alter IKK activity, then aliquots of 
the cells either are collected or are treated with a 
proinflammatory stimulus such as a cytokine, and 
collected. The collected cells are lysed and the kinase 

35 is immunoprecipitated using an anti-IKK antibody. A 



WO 98/37228 PCT/US98/03511 

44 

substrate such as IkBcx or IkB(5 is added to the 
itnmunocomplex and the ability of the IKK to phosphorylate 
the substrate is determined as described above. If 
desired, the anti-IKK antibody first can be coated onto a 
5 plastic surface such as in 96 well plates, then the cell 
lysate is added to the wells under conditions that allow 
binding of IKK by the antibody. Following washing of the 
wells, IKK activity is measured as described above. Such 
a method is extremely rapid and provides the additional 
10 advantage that it can be automated for high through-put 
assays . 

A screening assay of the invention is 
particularly useful to identify, from among a diverse 
population of molecules, those agents that modulate the 

15 association of an IKK complex or an IKK catalytic subunit 
and another protein (referred to herein as a "second 
protein") or that directly alter the activity of IKK. 
Methods for producing libraries containing diverse 
populations of molecules, including chemical or 

20 biological molecules such as simple or complex organic 
molecules, peptides, proteins, peptidomimetics, 
glycoproteins, lipoproteins, polynucleotides, and the 
like, are well known in the art (Huse, U.S. Patent No. 
5,264,563, issued November 23, 1993; Blondelle et al . , 

25 Trend? fljgaJU Ctem, 14:83-92 (1995); York et al., Science 
274:1520-1522 (1996); Gold et al . , Prog, Natl. Acari, 
Sci t , USA 94:59-64 (1997); Gold, U.S. Patent No. 
5,270,163, issued December 14, 1993). Such libraries 
also can -be obtained from commercial sources. 

30 Since libraries of diverse molecules can 

contain as many as 10 14 to 10 15 different molecules, a 
screening assay of the invention provides a simple means 
for identifying those agents in the library that can 
modulate the association of an IKK and a second protein 

35 or can alter the activity of an IKK. In particular, a 
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screening assay of the invention can be automated, which 
allows for high through-put screening of randomly 
designed libraries of agents to identify those particular 
agents that can modulate the ability of an IKK and a 
5 second protein to associate or that alter the activity of 
the IKK. 

A drug screening assay of the invention 
utilizes an IKK complex, which can be isolated as 
disclosed herein; or an IKK subunit. which can be 

10 expressed, for example, from a nucleic acid molecule 

encoding the amino acid sequence shown in SEQ ID NO: 2 or 
in SEQ ID NO: 15; or can be purified as disclosed herein; 
or can utilize an IKK subunit fusion protein such as an 
IKKa-glutathione-S-transferase (GST) or IKK(J-histidine 6 

15 (HIS6) fusion protein, wherein the GST or HIS6 is linked 
to the IKK subunit and comprises a tag (see Example VI) . 
The IKK or IKK subunit fusion protein is characterized, 
in part, by having an affinity for a solid substrate as 
well as having the ability to specifically associate with 

20 an appropriate second protein such as an IkB protein. 
For example, when an IKK catalytic .subunit is used in a 
screening assay, the solid substrate can contain a 
covalently attached anti-IKK antibody, provided that the 
antibody binds the IKK subunit without interfering with 

25 the ability of the IKK subunit to associate with the 
second protein. Where an IKKa-GST fusion protein, for 
example, is used in such a screening assay, the solid 
substrate can contain covalently attached glutathione, 
which is bound by the GST tag component of the fusion 

30 protein. If desired, the IKK subunit or IKK subunit 
fusion protein can be part of an IKK complex in a drug 
screening assay of the invention. 
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subunit and a second protein can be performed by 
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altering the activity of an IKK. Such agents can be 
useful, for example, for modulating the activity of NF-kB 
in a cell and, therefore, can be useful as medicaments 
for the treatment of a pathology due, at least in part, 
5 to aberrant NF-kB activity. 

The method for performing a drug screening 
assay as disclosed herein also provides a research tool 
for identifying a target of a drug that is or can be used 
therapeutically to ameliorate an undesirable inflammatory 

10 or immune response, but for which the target of the drug 
is not known. Cytokine restraining agents, for example, 
are a class of agents that can alter the level of 
cytokine expression (U.S. Patent No. 5,42 0,109, issued 
May 30, 1995) and can be used to treat various 

15 pathologies, including patho- immunogenic diseases such as 
rheumatoid arthritis and those induced by exposure to 
bacterial endotoxin such as occur in septic shock (see, 
also, W096/27386, published September 12, 1996). 

The specific cellular target upon which a 
2 0 cytokine restraining agent acts hais not been reported. 
However, the myriad of pathologic effects ameliorated by 
such agents are similar to various pathologies associated 
with aberrant NF-kB activity, suggesting that cytokine 
restraining agents may target an effector molecule in a 
25 NF-kB signal transduction pathway. Thus, one potential 
target of a cytokine restraining agent can be an IkB 
kinase, particularly an IKK catalytic subunit of the 
kinase. Accordingly, a screening assay of the invention 
can be used to determine whether a cytokine restraining 
30 agent alters the activity of IkB kinase or alters the 
association of an IKK and a second protein such as IkB. 
If it is determined that a cytokine restraining agent has 
such an effect, the screening assay then can be used to 
screen a library of cytokine regulatory agents to 
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proteins that bind to and regulate the activity of the 
IKK. Such proteins that interact with an IKK catalytic 
subunit can be involved, for example, in tissue specific 
regulation of NF-kB activation or constitutive NF-kB 
5 activation and consequent gene expression. 

The conceptual basis for a transcription 
activation assay is predicated on the modular nature of 
transcription factors, which consist of functionally 
separable DNA-binding and trans -activation domains. When 
expressed as separate proteins, these two domains fail to 
mediate gene transcription. However, the ability to 
activate transcription can be restored if the DNA-binding 
domain and the trans-activation domain are bridged 
together through a protein-protein interaction. These 
domains can be bridged, for example, by expressing the 
DNA-binding domain and trans -activation domain as fusion 
proteins (hybrids) , where the proteins that are appended 
to these domains can interact with each other. The 
protein-protein interaction of the hybrids can bring the 
DNA-binding and trans-activation domains together to 
create a transcriptionally competent complex. 

One adaptation of the transcription activation 
assay, the yeast two hybrid system, uses 5. cerevisiae as 
a host cell for vectors that express the hybrid proteins. 
25 For example, a yeast host cell containing a reporter lacZ 
gene linked to a LexA operator sequence can be used to 
identify specific interactions between an IKK subunit and 
a second protein., where the DNA-binding domain is the 
LexA binding domain, which binds the LexA, promoter, and 
30 the trans-activation domain is the B42 acidic region. 
When the LexA domain is bridged to the B42 
transactivation domain through the interaction of the IKK 
subunit with a second protein, which can be expressed, 
for example, from a cDNA library, transcription of the 
35 reporter lacZ gene is activated. In this way, proteins 
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that interact with the IKK subunit can be identified and 
their role in a signal transduction pathway mediated by 
the IKK can be elucidated. Such second proteins can 
include additional subunits comprising the 3 00 kDa or 
5 900 kDa IKK complex. 

In addition to identifying proteins that were 
not previously known to interact with an IKK, 
particularly with an IKKa or IKK(J subunit, a 
transcription activation assay such as the yeast two 

10 hybrid system also is useful as a screening assay to 

identify agents that alter association of an IKK subunit 
and a second protein known to bind the IKK. Thus, as 
described above for in vitro screening assays, a 
transcription activation assay can be used to screen a 

15 panel of agents to identify those agents particularly 

useful for altering the association of an IKK subunit and 
a second protein in a cell. Such agents can be 
identified by detecting an altered level of transcription 
of a reporter gene, as described above, as compared to 

20 the level of transcription in the absence of the agent. 
For example, an agent that increases the interaction 
between an IKK subunit and IkB can be identified by an 
increased level of transcription of the reporter gene as 
compared to the control level of transcription in the 

25 absence of the agent. Such a method is particularly 
useful because it identifies an agent that alters the 
association of an IKK subunit and a second protein in a 
living cell. 

In some cases, an agent may not be able to 
30 cross the yeast cell wall and, therefore, cannot enter 
the yeast cell to alter a protein-protein interaction. 
The use of yeast spheroplasts, which are yeast cells that 
lack a cell wall, can circumvent this problem (Smith and 
Corcoran, In Current Protocols in Molecular Biology (ed. 
35 Ausubel et al . ; Green Publ., NY 1989), which is 



WO 98/37228 



PCT/US98/03511 



52 

incorporated herein by reference) . In addition, an 
agent, upon entering a cell, may require "activation" by 
a cellular mechanism that may not be present in yeast. 
Activation of an agent can include, for example, 
5 metabolic processing of the agent or a modification such 
as phosphorylation of the agent, which can be necessary 
to confer activity upon the agent. In this case, a 
mammalian cell line can be used to screen a panel of 
agents (Fearon et al., supra, 1992). 

10 An agent that alters the catalytic activity cf 

an IKK or that alters the association of an IKK subunit 
or IKK complex and a second protein such as an IkB or an 
IKK regulatory subunit or an upstream activator of an IKK 
can be useful as a drug to reduce the severity of a 

15 pathology characterized by aberrant NF-kB activity. For 
example, a drug that increases the activity of an IKK or 
that increases the affinity of an IKK catalytic subunit 
and IkBcx can increase the amount of IkBck phosphorylated 
on Ser-32 or Ser-36 and, therefore, increase the amount 

20 of active NF-kB and the expression of a gene regulated by 
NF-kB, since the drug will increase the level of 
phosphorylated IkBcx in the cell, thereby allowing NF-kB 
translocation to the nucleus. In contrast, a drug that 
decreases or inhibits the catalytic activity of an IKK or 

25 the association of an IKK catalytic subunit and IkBoj can 
be useful where it is desirable to decrease the level of 
active NF-kB in a cell and the expression of a gene 
induced by activated NF-kB. It should be recognized that 
-an ant i sense IKK subunit molecule of the invention also 

30 can be used to decrease TKK activity in a cell by 

reducing or inhibiting expression of the IKK subunit or 
by reducing or inhibiting its responsiveness to an 
inducing agent such as TNFa, II -1 or phorbol ester (see 
Example II) . Accordingly, the invention also provides 

35 methods of treating an individual suffering from a 

pathology characterized by aberrant NF-kB activity by 
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administering to the individual an agent that modulates 
the catalytic activity of an IKK or that alters the 
association of an IKK subunit and a second protein such 
as IkB or a subunit of a 300 kDa or 900 kDa IKK complex 
5 that interacts with the IKK subunit. 

An agent that decreases the activity of an IKK 
or otherwise decreases the amount of IkB phosphorylation 
in a cell can reduce or inhibit NF-kB mediated gene 

10 expression, including, for example, the expression of 
proinflammatory molecules such as cytokines and other 
biological effectors involved in an inflammatory, immune 
or acute phase response. The ability to reduce or 
inhibit such gene expression can be particularly valuable 

15 for treating various pathological conditions such as 

rheumatoid arthritis, asthma and septic shock, which are 
characterized or exacerbated by the expression of such 
proinflammatory molecules. 

Glucocorticoids are potent anti -inflammatory 

20 and immunosuppressive agents that are used clinically to 
treat various pathologic conditions, including autoimmune 
diseases such as rheumatoid arthritis, systemic lupus 
erythematosis and asthma. Glucocorticoids suppress the 
immune and inflammatory responses, at least in part, by 

25 increasing the rate of IkBcx synthesis, resulting in 
increased cellular levels of IxBa, which bind to and 
inactivate NF-kB (Scheinman et al., Science 270:283-286 
(1995); Auphan et al., Science 270:286-290 (1995)). 
Thus, glucocorticoids suppress NF-kB mediated expression 

30 of genes encoding, for example, cytokines, thereby 
suppressing the immune, inflammatory and acute phase 
responses. However, glucocorticoids and glucocorticoid- 
like steroids also are produced physiologically and are 
required for normal growth and development. 

35 Unfortunately, prolonged treatment of an individual with 
higher than physiological amounts of glucocorticoids 
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produces clinically undesirable side effects. Thus, the 
use of an agent that alters the activity of an IKK or 
that alters the association of an IKK complex or IKK 
subunit and a second protein, as identified using a 
5 method of the invention, can provide a means for 

selectively altering NF-kB activity without producing 
some of the undesirable side effects associated with 
glucocorticoid treatment. 

Inappropriate regulation of Rel/NF-KB 

10 transcription factors is associated with various human 
diseases. For example, many viruses, including human 
immunodeficiency virus -1 (HIV-1) , herpes simplex virus -1 
(HSV-1) and cytomegalovirus (CMV) contain genes regulated 
by a KB regulatory element and these viruses, upon 

15 infecting a cell, utilize cellular Rel/NF-KB 

transcription factors to mediate viral gene expression 
(Siebenlist et al . , supra, 1994). Tat-mediated 
transcription from the HIV-1 enhancer, for example, is 
decreased if the NF-kB and SP1 binding sites are deleted 

20 from the enhancer/promotor region, indicating that Tat 
interacts with NF-kB, SP1 or other transcription factors 
bound at this site to stimulate transcription (Roulston 
et al., Microbiol. Rev. 59:481-505 (1995)). In addition, 
chronic HIV-1 infection, and progression to AIDS, is 

25 associated with the development of constitutive NF-kB DNA 
binding activity in myeloid cells (Roulston et al., 
supra, 1995) . Thus, a positive autoregulatory loop is 
formed, whereby HIV-1 infection results in constitutively 
active NF-kB, which induces expression of HIV-1 genes 

30 (Baeuerle and Baltimore, £eil~ -87 :-13-20 (1996). 

Constitutive NF-kB activation also may protect cells 
against apoptosis, preventing clearance of virus- infected 
cells by the immune system (Liu et al . , supra, 1996). 

An agent that decreases the activity of an IKK 
35 or that alters the association of an IKK and a second 
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protein such that IkB phosphorylation is decreased can be 
useful for reducing the severity of a viral infection 
such as HIV-1 infection in an individual by providing 
increased levels of unphosphorylated IkB in virus - 
5 infected cells. The unphosphorylated IkB then can bind 
to NF-kB in the cell, thereby preventing nuclear 
translocation of the NF-kB and viral gene expression. In 
this way, the rate of expansion of the virus population 
can be limited, thereby providing a therapeutic advantage 
10 to the individual. 

In addition, the decreased level of NF-kB 
activity may allow the virus- infected cell to undergo 
apoptosis, resulting in a decrease in the viral load in 
the individual. As such, it can be particularly useful 

15 to treat virus-infected cells ex vivo with an agent 

identified using a method of the invention. For example, 
peripheral blood mononuclear cells (PBMCs) can be 
collected from an HIV-1 infected individual and treated 
in culture with an agent that decreases the activity of 

20 an IKK or alters the association of an IKK complex or an 
IKK catalytic subunit with an IkB. Such a treatment can 
be useful to purge the PBMCs of the virus -infected cells 
by allowing apoptosis to proceed. The purged population 
of PBMCs then can be expanded, if desired, and 

25 readministered to the individual. 

Rel/NF-KB proteins also are involved in a 
number of different types of cancer. For example, the 
.adhesion of cancer cells to endothelial cells is 
increased due to treatment of- the cancer cells with IL-1, 

3 0 suggesting that NF-kB induced the expression of cell 

adhesion molecules, which mediated adherence of the tumor 
cells to the endothelial cells; agents such as aspirin, 
which decrease NF-kB activity, blocked the adhesion by 
inhibiting expression of the cell adhesion molecules 

35 (Tozawa et al . , Cancer Res. 55:4162-4167 (1995)). These 
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earlier stages in the purification of the IKK activity, 
the beads were washed prior to loading onto the gel to 
minimize contributions from other proteins. In some of 
the later characterization of highly purified material, 
5 soluble fusion protein was used. 

Three distinct substrates for the IKK activity 
were used: 1) substrate »WT" contained amino acid 
residues 1 to 54 of IkBcx; 2) substrate " AA" contained 
amino acid residues 1 to 54 of IkBcx, except that Ser-32 

10 (S32) and S36 were replaced with Ala-32 (A32) and A36, 
respectively; and 3) substrate "TT" contained amino acid 
residues 1 to 54 of IkBcx, except that S3 2 and S3 6 were 
replaced with Thr-32 (T32) and T36, respectively 
(DiDonato et al., Mol. Cell. Biol. 16:1295-1304 (1996)). 

15 Each substrate was expressed as a GST fusion protein. 

The physiologic, inducible IkB kinase is specific for S32 
and S3 6 (WT) in IicBa, but does not recognize the TT or AA 
mutants (DiDonato et al., Mol. Cell. Biol. 16:1295-1304 
(1996) ) . 

20 Kinase assays were carried out in 20 mM HEPES 

(pH 7.5-7.6), 20 mM 3 -glycerophosphate (3-GP) , 10 mM 
MgCl 2/ 10 mM PNPP, 100 fiM Na 3 V0 4f 2 mM dithiothreitol 
(DTT) , 20 /xM ATP, 10 /xg/ml aprotinin. NaCl concentration 
was 150-200 mM and the assays were carried out at 30°C 

25 for 30 min. Fractionation was performed by SDS-PAGE, 
followed by quantitation by phosphoimager analysis. 

B, Purification, of IKK complex and ikk suburutg; 

The protein purification buffer (Buffer A) 
consisted of 20 mM Tris (pH 7.6, measured at RT) , 20 mM 
30 NaF, 20 mM fJ-GP, 1 mM PNPP, 500 fiM Na 3 V0 4 , 2 mM DTT, 

2.5 mM metabisulf ite, 5 mM benzamidine, 1 mM EDTA, 0.5 mM 
EGTA, 1 mM PMSF, and 10% glycerol. Brij-35 was added as 
indicated. Cell lysis buffer was Buffer A containing an 
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additional 19 mM PNPP, 20 mM (3-GP and 500 /xM Na 3 V0 4/ and 
20 /ig/ml aprotinin, 2.5 /xg/ml leupeptin, 8.3 /xg/ml 
bestatin, 1.7 /ig/ml pepstatin. 

Purification was performed using 5 to 130 
5 liters of HeLa S3 cells. For illustration, the procedure 
for a 15 liter preparation is presented. All 
purification steps were performed in a cold room at 4°C. 

In order to activate the IKK, cells were 
stimulated with TNFa prior to purification. TNFa was 

10 either recombinant TNFa, which was purchased from R&D 

Systems and used at 20 ng/ml, or HIS 6 -tagged TNFa, which 
was expressed and partially purified from E. coli and 
used at 5 /xg/ml. TNFa- induced HeLa S3 cell killing 
activity assays were performed in the presence of 

15 cycloheximide and indicated that the partially purified 
HIS6- tagged TNFa had approximately one- tenth the activity 
of the commercial TNFa. 

Fifteen liters of HeLa S3 cells were grown in 
suspension in high glucose Dulbecco's modified Eagle's 

2 0 medium supplemented with 10% calf serum, 2 mg/ml 

L-glutamine, 100 U/ml penicillin/streptomycin, 0.11 mg/ml 
sodium pyruvate, and IX nonessential amino acids (Irvine 
Scientific; Irvine CA) . Cell density was approximately 
5 x 10 5 cells/ml at the time of collection. Cells were 

25 concentrated 10 -fold by centrifugation. stimulated for 

5 min with TNFa at 37°C, then diluted with 2.5 volumes of 
Ice cold phosphate buffered saline (PBS) containing 50 mM 
NaF and pelletted at 2000 x g. The cell pellet was 
washed once with ice cold PBS/50 mM NaF, then suspended 

30 in lysis buffer, quick frozen in liquid nitrogen and 
stored at "80°C. 

For purification of IkB kinase, cells were 
thawed and cytoplasmic extract prepared. Lysis was 
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achieved by 40 strokes in an all glass Dounce homogenizer 
(pestle A) in lysis buffer containing 0.05% NP-40 on ice. 
The homogenate was centrifuged at 12,000 rpm for 19 min 
in a Beckman SS34 rotor at 4°C. 

5 Supernatant was collected and centrifuged at 

38 r 000 rpm for 80 min in a Beckman 50.1 Ti rotor at 4°C. 
The supernatant (S100 fraction) was quick frozen in 
liquid nitrogen and stored at -80°C. Small aliquots of 
S100 material, prepared from either unstimulated HeLa 

10 cells or from TNFa stimulated cells, were purified in a 
single passage over a SUPEROSE 6 gel filtration column 
{1.0 x 30 cm; Pharmacia; Uppsalla Sweden) equilibrated in 
Buffer A containing 0.1% Brij-35 and 300 mM NaCl and 
eluted at a flow rate of 0.3 ml/min. 0.6 ml fractions 

15 were collected and kinase assays were performed on an 
aliquot of each fraction. The high molecular weight 
material (fractions 16-20) contained TNFa- inducible IKK 
activity, which is specific for the WT substrate. 

110 ml of S100 material (900 mg of protein; 

20 Bio-Rad Protein Assay) was pumped onto a Q-SEPHAROSE FAST 
FLOW column (56 ml bed volume, 2.6 cm ID) equilibrated at 
2 ml/min with Buffer A containing 0.1% Brij-35. After 
the sample was loaded, the column was washed with 100 ml 
of Buffer A containing 0.1% Brij-35 and 100 mM NaCl, then 

25 a linear NaCl gradient was run from 100-300 mM. The 
gradient volume was 500 ml and the flow rate was 
2 ml/min. Ten ml fractions were collected and the kinase 
assay was performed on those fractions that eluted during 
the gradient. Fractions corresponding to the 

30 TNFa- inducible IKK activity (fractions 30-42; i.e., 20-32 
of the gradient portion) were pooled. The pooled 
material contained 40 mg of protein. 

The pooled material was diluted to 390 ml by 
addition of Buffer A containing 0.1 % Brij-35 and loaded 
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onto a pre-equilibrated 5 ml HI TRAP Q column (Pharmacia) 
at a flow rate of 4 ml/min. Following sample loading, 
the column was washed with 20 ml of Buffer A containing 
0.1 % Brij-35. The protein was eluted at 1 ml/min 
5 isocratically in Buffer A containing 0.1 % Brij-35 and 
300 mM NaCl and 1 ml fractions were collected. Protein- 
containing fractions were identified using the BioRad 
assay and were collected and pooled to yield 4 ml of 
solution. Previously performed control experiments 
10 demonstrated that the IKK activity directly correlated 
with protein concentration. 

The pooled material was diluted 1:1 with ATP 
column buffer (20 mM HEPES (pH 7.3), 50 mM (3-GP, 60 mM 
MgCl 2/ 1 mM Na 2 V0 4 , 1 . 5 mM EGTA, 1 mM DTT, 10 fig/ml 

15 aprotinin) , then passed 4 times over a y-ATP affinity 
column having 4 ml bed volume (Haystead et al., supra, 
1993) ; the column had been prewashed with 2 M NaCl, 0.25% 
Brij-3 5 and equilibrated with 10 bed volumes of ATP 
column buffer containing 0.05% Brij-35 at a flow rate of 

20 0.5 ml/min. Following loading of the sample, the column 
was washed with 10 ml of ATP column buffer containing 
0.05% Brij-35, then with 10 ml ATP column buffer 
containing 0.05% Brij-35 and 25 0 mM NaCl. 

Bound material was eluted in 10 ml of ATP 
25 column buffer containing 0.05 % Brij-35, 250 mM NaCl and 
10 mM ATP (elution buffer) . Elution was performed by 
passing 5 ml of elution buffer through the column, 
allowing the column to incubate, capped, for 20 min, then 
passing an additional 5 ml. of elution buffer through the 
30 column. The samples were pooled to yield 10 ml. 

The 10 ml pooled sample from the ATP column was 
diluted with 30 ml Buffer A containing 0.1 % Brij-35 and 
loaded onto a 1 ml HITRAP Q column (Pharmacia) at 
1 ml/min. The column was eluted at 0.4 ml/min with 
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Buffer A containing 0.1 % Brij-35 and 300 mM NaCl . 
0.2 ml fractions were collected and the four protein- 
containing fractions were pooled (0.5 mg) . The pooled 
material was concentrated to 200 /il on a 10K NANOSEP 
5 concentrator (Pall/Filtron) and loaded onto a SUPEROSE 6 
gel filtration column (1.0 x 30 cm) . The SUPEROSE 6 
column was equilibrated in Buffer A containing 0.1 % 
Brij-35 and 300 mM NaCl and run at a flow rate of 0.3 
ml/min; 0.6 ml fractions were collected. Fractions 17, 
10 IS and 19 contained kinase activity. 

Based on silver stained SDS-PAGE gels, the 
final purified material consisted of approximately 2 0 fig 
to 40 /xg of total protein, of which approximately 2 ptg 
corresponded to the 85 kDa band, later designated IKKa 
15 (see Example II) . A second band migrating at 87 kDa was 
later designated IKKP (see Example III) . The total time 
from the thawing of the S100 material until the 
collection of fractions from the gel filtration column 
was 24 hours. 

20 C. Confirmation of IKK purification: 

Since the 85 kDa IKKa band identified by the 
kinase assay following the above procedure contained only 
about 10% of the total purified protein, three additional 
criteria were used to confirm that the identified band 
25 was an intrinsic component of the IKK complex. 

In one procedure, the elution profile of the 
SUPEROSE- 6 column was analyzed by silver stained 
8% SDS-PAGE gels, then compared to the kinase activity 
profile. For this analysis, 0.3 ml fractions were 
3 0 collected from the SUPEROSE 6 column, then separated by 
8% SDS-PAGE and silver stained. This comparison 
confirmed that a single band of 85 kDa correlated 
precisely with the elution of IKK activity. 
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Buffer A to yx— - -- - subs trate affinity 

l0 o.o«% 4 *f ^t fallen beads, . *■ 

r esin at a ratio of 4^ ^ gently 

resin was suspended and t was 
overnight in a —11 the column was eluted 

allowed to settle for 30 m» the ^ 
„ by gravity. The -1- - J ^ then the res ln was 
Buffer A containing 0.02. J oont aining 
suspended with 1.1 bed volu.es ofW*^ ^ to 
600 nM Nacl and 0.1 % Bra: l _ ^ per£ormed . 

settle for 40 .in, 'fV^^^al 1.1 bed volu.es 
20 T he =olu» : a : --d;i an ad a ^ ^ % ^ ^ 

of Buffer A containing 

th e two fractions were pooled. 

— affinity column was used for 
The IkBcx substrate affinity 

■ In one experiment, tne 

two separate experiments. supER0S E 6 column was 

25 material that ^-^^irtrate affinity column, 
further purified on the ™« obtained afte r the 

In the second experiment, on the ikBcx 

ini tial Q-SEPHAR0SE column wa bQund 

^ substrate ^^X^urif ied^ ^ 

30 fraction then was further p 

the SUPEROSE 6 column (see above) . 

^lysis of the ^^X^ 
two ex?erim ents by --^^ comparison of these 
different protein profiles- 
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profiles revealed only two bands common to both 
preparations, one of which was confirmed to be the same 
85 kDa IKKa band that was identified by the SUPEROSE 6 
profile analysis and cof ractionated with IkB kinase 
5 activity. The other band, which was 87 kDa in size, 
later was identified as IKKp. In several different 
experiments, the 85 kDa protein and 87 kDa protein were 
specifically purified by the substrate affinity column in 
what appeared to be an equimolar ratio. 

10 In a third procedure, purified IKK was treated 

with excess phosphatase, which inactivates the IKK, then 
reactivated by addition of a semi -purified HeLa extract. 
Phosphatase inactivation was performed by adding excess 
protein phosphatase 2A catalytic domain (PP2A) to 

15 purified IkB kinase in 50 mM Tris (pH 7.6), 50 mM NaCl, 
1 mM MgCl 2 , then equilibrating the reaction for 60 min at 
30 °C. 1.25 /zM okadaic acid was added to completely 
inactivate the phosphatase and the phosphatase 
inactivated material was used in standard kinase assays 

20 and to perform the reactivation and phosphorylation 
procedure . 

Cytoplasmic extract was prepared using HeLa S3 
cells. The cells were stimulated with TNFcc for 5 min, 
then harvested in lysis buffer containing 0.1 % NP-40 and 

25 0.15 M NaCl. Reactivation was performed at 30°C in 
kinase buffer for 60 min in the absence of (y- 32 P)ATP. 
Samples containing only cold ATP were used for kinase 
activity assays. Reactivation by the HeLa cell extract 
was performed in the presence .of (y- 32 P)ATP, then the ■ 

30 sample was separated by 8% SDS-PAGE and examined by 
autoradiography. A band of approximately 86 kDa was 
phosphorylated in the reactivated material and, 
associated with the reactivation procedure, was 
restoration of the IKK activity. 



! 
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• cnc PAGE as described above, the 
Following SDS-PAfcb a - xciB ed from the 

a a -7 kna IKKP bands were excisea 
85 kD a IKKa and 87 kDa IK p sequ encing 

gel and ^^ 1B ^^.. the seances of 
5 analysis. Fro. the IKK « *0W aS foll ows: 

two proteolytic fra^entsj )LKpENIVLQDVG (P/G)K 
KIIDLLPK (SEQ ID NO. 3) a cQuld not be 

{SEQ ID NO: 4) . Where a res"* ^ ^ .^.^ nQ 

^ot-Rrminea, an 

unambiguous parentheses 

l0 amino acid could V"^^^ be aistinguished. 
to delimit ami- acids that ecu ^ ^ 

Since L y=-C protease was used ^ o£ the 

presence of lysine residue ^ M band , th e 

- tldeS ;r £ ir^oteo^c .agments we. defined 

" Tsr^e 3! undLlined, see. also. —P* "1, . 

EXAMPLE II 



Thl3 e«le P-des metneds 
characterizing the tunc 

» o £ the amino acid se^n « o ^ ^ _ d 

ID NOS: 3 and 4) ot tn , a _ base This search 

in C he CenBanK » — ^Tlncodin, hoth peptide 
revealed that nucleotid e seq ^ ^ a 
fragments were presen • ^ (Ge „Bank 

M P0 " i0n "^^ny - Marcu, supra, »»> • 
Accession ttU2^x^, 
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Based on the human CHUK cDNA sequence, PGR 
primers were prepared corresponding to the 5' -terminus 
(5 , -CCCCaIATSTACCAGCATCGGGAA-3 , ; SEQ ID NO: 5) and 
3 ' -terminus (3 1 -CCC£ICSAGTTCTGTTAACCAACT-5 1 ; SEQ ID 
5 NO: 6) . SEQ ID NO: 5 also contains a Nde I restriction 
endonuclease site (underlined) and an ATG (AUG) 
methionine codon (bold) and SEQ ID NO: G also contains an 
Xho I site. RNA was isolated from HeLa cells and first 
strand cDNA was prepared and used for a template by PCR 

10 using SEQ ID MQS : 5 and 6 as primers. The resulting 

2.1 kilobase (kb) fragment was gel purified, 32 P-labeled 
using oligo-dT and random primers, and used to screen a 
human fetal brain library (Clontech; Palo Alto CA) under 
high stringency conditions (50% formamide, 42°C; Sambrook 

15 et al., supra, 1989). 



In order to obtain the 5 ! -end of the cDNA 
encoding IKKa, positive plaques from above were screened 
by PCR using two internal primers, 

(5 1 -CATGGCACCATCGTTCTCTG-3 1 ; SEQ ID NO: 7), which is 
20 complementary to the sequence including the Ban I site 
around position 136 of SEQ ID NO: 1, and 

(5 1 -CTCAAAGAGCTCTGGGGCCAGATAC-3 1 ; SEQ ID NO: 8), which is 
complementary to the sequence including the Sac I site 
around position 475, and a vector specific primer 
25 (TCCGAGATCTGGACGAGC-3 1 ; SEQ ID NO: 9), which is 

complementary to vector sequences at the 5 f -end of the 
cDNA insert. The longest PCR product was selected and 
sequenced by the dideoxy method. 

DNA -sequencing revealed that the cloned IKKa 
30 cDNA contained an additional 31 amino acids at the 

N- terminus as compared to human CHUK. The human IKKa 
shares a high amount of sequence identity with a protein 
designated mouse CHUK (GenBank Accession #U12473; 
Connelly and Marcu, supra, 1995) . Although the mouse 
35 CHUK contains a domain having characteristics of a 



W098y37228 



PCT/US98/03511 



66 

serine -threonine protein kinase, no functional activity 
of the protein was reported and no potential substrates 
were identified. The putative serine- threonine protein 
kinase domain of human CHUK was truncated at the 
5 N- terminus. 

B. Expression of human IKKa or of an antisense IKKa 
nucleic acid in a cell: 

The full length IKKa cDNA and a cDNA encoding 
the A31 human CHUK protein (Connelly and Maxcu, supra, 

10 1995) were subcloned into the Nde I and Xho I sites of a 
bacterial expression vector encoding a carboxy terminal 
FLAG epitope and HIS6 tag. Mammalian cell expression 
vectors were constructed by cleaving the bacterial 
expression vector with Nde I and Hind III, to release the 

15 cDNA inserts, converting the ends of the inserts to blunt 
ends using Klenow polymerase, and ligating the cDNA 
inserts encoding the full length IKKa or the A31 human 
CHUK into pCDNA3 (Invitrogen) . 

Alternatively, the IKKa cDNA and A31 cDNA were 
20 subcloned into the Bst XI site of the pRc(Sactin vector 
(DiDonato et al . , supra, 1996). Orientation of the 
inserts (sense or antisense) was determined by 
restriction endonuclease mapping and partial sequence 
using vector- specif ic primers. Vector containing the 
25 cDNA's inserted in the sense orientation were examined 
for expression of the encoded product by immunoblot 
analysis using an antibody specific for the FLAG epitope. 

Transfection experiments were performed to 
determine the effect of expressing the cloned IKKa in 
30 HeLa cells or of expressing the cloned IKKa cDNA in the 
antisense orientation. One day prior to performing the 
transf ections, HeLa cells were split into 35 mm dishes to 
approximately 50% confluency. Cells were transf ected 
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f a lu ciferase reporter gene containing an 
with 0.25 M of a lucxfe ^^^^O^^ 
IL -8 promotor (Eckman et al ^^7^e in by 
96:a269 -X279 ^-: h Zer\ ls^ (invitrogen, La 
reference) along with exthe * .^.^ (sense 

5 ffo lU CA; vector ^^J^ (an tisense) , or 
orientation) , 1 W pRcPaC \ hp lIPO f E CTAMINE method as 
0.X w pCDNA-IKKa-K usx* . the /BRLf Gaithe rsburg 

recommended by the were kept constant by 

MD ) Total DNA concentration 

10 addition ot emyuy *~~r- 

* „lls were incubated in DMEM 
Transfected cells we ^ ^ ^ waghed 

containing 10% PBS for 24 . ^ containing 

and the growth medium was replac or were 

0 . 1% FBS . Cells ^l2 er \Tnll IL-1«. or 100 ng/ml 
T5 treated with 20 ng/ml TNFot, 

Cells were harvested by 
TPA (Phorbol ester) for 3.5 ■ ^ ^ lQ0 ^ 

scraping and washed once with ^ assays wer e 

PBS containing !% „to et al., supra, 

performed using 20 pi o * h extra ct was 

M isss) - The *"^^*2* — * kit ^ 

dete rmined ^*J^Li- -cording to the 
luciferase activity » 
protein concentrations. 



25 



. la known to induce expression for the 
" ThuTTs expected, treatment of the 
IL .e promotor. Thus, as «P ^ ^ or TPA 

vector transfected control ce no „alised 
resulted in a 3- to in cells transfected 

lu= iferase activity In ^ wlth TNFO, tt-Wi 

with the cm encoding t activlty s- to 

or TPA potentiated observed in the 

6 . f old above the leve of induct ^ ^ 

vector transfected cells_ * ^ ^ o£ 

session of IKKo in agents . 
activated in response to the 
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In cells transfected with the vector expressing 
the antisense IKKa nucleic acid molecule, transcription 
of the lucif erase reporter gene induced by IL-1 or TNFa 
was at the limit of detection, indicating transcription 
5 was almost completely inhibited due to expression of the 
antisense IKKa. This result indicates that the native 
IKKa is turned over relatively rapidly in the cells. 
Furthermore, treatment of the cells with the various 
inducing agents had no effect on the level of luciferase 

10 expression of control reporter genes, which are not 

responsive to NF-kB, as compared to the untreated cells. 
Other appropriate control experiments were performed in 
parallel. These results demonstrate the an expression of 
an antisense IKKa nucleic acid molecule in a cell can 

15 specifically inhibit NF-kB mediated gene expression. 

EXAMPLE III 

IDENTIFICATION AND CHARACTER I Z AT I ON 
OF A FULL LENGTH HUMAN IKKB SUBUNIT 

This example provides methods for isolating a 
20 nucleic acid molecule encoding an IKKP catalytic subunit 
of IKK and characterizing the activity of the IKK3 
subunit . 

A. Cloning of IKKB cDNA: 

IKKP was purified following SDS-PAGE and 
25 subjected to internal peptide sequencing (Example I) . 
Five peptide sequences were obtained as follows: 
KIIDLGYAK (SEQ ID NO: 9) ; 

KXVHILN (M/Y) (V/G) (T/N/R/E) (G/N) TI (H/I/S) (SEQ ID NO: TO ) ; 
KXXIQQD(T/A)GIP (SEQ ID NO: 11); KXRVIYTQL (SEQ ID 
30 NO: 12); and KXEEWSLMNEDEK (SEQ ID NO: 13), where amino 
acid residues that could not be unambiguously determined 
are indicated by an "X" and where amino acids that could 
not be distinguished are shown in parentheses. These 
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to screen the NCBI EST 
peptide sequences were used t ^ No . 

^abase and a 336 base pair B ^ ^ ^ ^ identified . 
^326115) encoding SEQ I ' fco amino acid 

t-o the EST was obtained by 

c ° rre T B r^ - * tempiate and used 

» «** S "; n a ^Hbrary ^on-h, 

to probe a human _«f t fj^ d used aB . probe to screen * 
£ragn ,ent was — "— r nitrogen) . A 3 Kb c»» 
„ plasmid based B cell (pigure 2; SEQ <D 

insert was isolated and seq (sbq „ „ 0: 15) , 

«» M) and encoded ^J^ZZ*-*- <~ ^ " ' 
including all five proteose 

f the amino acid sequences o£ IKKc, 
Comparrson of the am ^ 

15 and St* revealed greater tha a kinase 

figure 3, ■ 3 ";*'a2no acid identity with XKKo. a 

d omain, which shares 65 am ^ ^ on 

laucine zipper and a helix P the 
the sequence -» ol ^stTs determined to he a member 

- srr : rs ° £ proteins " lth 

i was designated IKK|i - 

and, therefore, was ae y 

B___j 3l ariicj^^ 

25 assays characterising ^ addition, 

regard to its assocratron wrth ^ ^ ^ 

-rthern blot analysr re ^ Ending pancreas 

ooexpressed rn most " ssue place nta, brain, heart, 

kid ney, skeletal muscle, lung, P ., MtiE , 
30 peripheral blood lymphocytes, 
prostate, thymus an= spleen. 
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;inase_a£ti^n^ 

.ctivity associated with IKKS was 
The Kinase ^ transi ently 

characterized using HeL ^ssion vector^ 

transfected with an HA "99 20 /bX wf £or 

Tr ansfected cells were ^unoprecipitation 
10 min and HA-IKKP was solated y ^ 
UBing anti-H* £ f l«ne complexes were 

eqotb ^ 191i s08 : =lS ^^^ Bphorylate „Ud type <wt, 
t.ated for tne a^, - ■ ; ^ a . 

and mutant forms of IkB« en 

.v,» ourified IKK complex and the 
Similarly IKKp inmun e complex 

complex associated «th mutant9 ln „hxch 

phosphorylated wt ^« te s (S er-3 2 and Ser-3S 

the inducible P^BP^ 13 " 0 " ikBo) were replaced 

= for IKBO and Ser-19 and ser-23 However , a low level 

5 r/th either alanines or threonine . »- 

o£ residual phosphorylation of M ^ ^ 

20 supra, 19» " u^wlated almost as efficiency 

IK B(A36), were associated IKK activity can 

wt IkBo, indicating tnau 

and Ser-36. 

phosphorylate IkBcx at both Ser- 

of TKKP-associated kinase activity 
The response of IKK? 

14 also was examined in new 
25 to various strmuU ai R ^ expres8i on 

transiently transfected wxth th gtitnulated with 

vector, ^ ^ ^ pr l00 ng/ml 

either 10 ng/ml IL-1. 20 9 ^ 
^.IKKP immune £^ tiTity wa s measured. THF 

30 immunoprecipitatxon an IKK(J _ associ ated kinase 

and IL-1 potently TPA was weaker. The 

activity , whereas the response to ^ ^ 

■ Kin etics of XKK P ^^^Z kinetics of activation 
essentially were identical 
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• - a 1KB kinase measured by a similar 
of the iKKa-associated IkB 

protocol . 

• „ Kot-ween_Iiy^L_afi d --i £ ^ 
^^Euactic^^ [ 

, ! iKKa and IKKP copurified 

" "^o « --al chromatographic 
5 in about a 1:1 ratio throug ^ 
steps, suggesting that th two P ^ ^ 

each other. The ability of the ^ on 

. . i ^nmnlex and trie ei^ 

in a "7 other subun it was examinee »™ 

the activity of the other veotors e ncodrng 

10 293 ceils t—^^J^xw. either alone or in 

combination (see HopP ^ ^ were 

(1988)). ««r 24 br. sampl a frOT 

adulated with ^X^ Zs J* one portion of the 
„ striated and -"^ th anti . Flag antibodies 

ly sates was P^^jVaven „, and another portion wes 
(E astman Kodah Co , : ^™ ibodles . Th e IKK activity 
precipitated wrth a ntr- HK a n ^ ^ 

associated with th. .differs 
20 content of IKKo and IKKU we 

considerably more hasal IKK activity --^ 

precipitated with — 

ch e activity associated with ^ ^ ^ actlvicy 

upon coexpressron of M2I augme nted by 

» essociated with - analy sis revealec ) that 

coexpressron of «B_ ^expression was not due 

Th e levels of, KK ^^1^ ^ 



30 



The levels ui- - 
IKKa and IKK, were cohered .ore J^cx-J^, q£ ^ 
tr ansfecting 2S3 cells «£^" to V s cells) 
or HA-IKKP expression vect ore i ■ asBOciated with the 
a „d determining the kinase activrtr 
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d before or after TNF 

two protein, in XZ^-™^ " " 
adulation <20 ng/rt S - > ^ q£ each protei „ was 

su bstrate. The level of exp ^ ^ calculate 



5 



10 



15 



d eter«ined by i— — " activity 
Che relative levels of specifro 

elated IKK had a low level of 
The expression of HA-IKKP 

basal specif ic activity, wh ic th at was 

resulted in high basal epecifi acti Y 

. v,i«hpr amounts ot ^ r t 

increased wi» activity associated «w — 

However, the spec, - IK fcimulated ce lls was very 
IKKa or IKKp isolated ™ affecte d by their 

similar and was not considerably ^ 
session ^^^^ - * constitutive^ 
of a negative regulator ove rexpression of 

active IKK complex can occur due 

IKKp. 

♦= tkkcx and IKKP to physically 
ThS abilltY d xlnoblot analysis demonstrated 
int eract was ^ne^- ^ antibody 

that precipitation of HA IK- P CO expressed 

F1 ag-IKKC as indicated y cotrans£(!C tion with 

coprecipitating IKKo detecte 1 aft ^ 
nag-IKKc. Similarly, i— ee p pitatlon 
„ lt h »ti-nagC»^tib ody ~su^ ^ ^ ^ ^ 

o£ on'the association of !«. and 

had no significant « 

IKKp. 

v^t-ween IKKa and IKKp was 

The interaction between cells witn various 

fur ther examined by tra-fe dting H ^ ^ 

amounts (0.1 to 1 . 0 £/ ^cubated for 5 min in the 
A f t er 24 hr, the cells were ^ ^ The 

absence or presence of 20 ng/ ^ ^ ^ ^ amount 
lysa tes were examined for I n of incre asing 

of HA- IKKP and endogenous IKKa. 
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amounts of HA- IKKP resulted in higher basal levels of IKK 
activity and increasing amounts of coprecipitated IKKa. 
The level of TNF stimulated IKK activity increased only 
marginally in response to IKKP overexpression and TNF had 
5 no effect on the association of IKKP and IKKa. 

Since the results described above revealed that 
HA- IKKP associates with endogenous IKKa to generate a 
functional cytokine -regulated IKK complex, this 
association was examined further by transfecting HeLa 

10 cells with either empty expression vector or small 

amounts (1 fig/60 mm plate) of either HA- IKKa or HA- IKKP 
vectors. After 24 hr, samples of the transfected cell 
populations were stimulated with 20 ng/ml TNF for 5 min, 
then cell lysates were prepared and separated by gel 

15 filtration on a SUPEROSE 6 column. One portion of each 
column fraction was immunoprecipitated with a polyclonal 
antibody specific for IKKa and assayed for 
IKKa-associated IKK activity, while a second portion was 
precipitated with anti-HA antibody and examined for 

20 HA- IKKP - or HA- IKKa-associated IKK activity. Relative 
specific activity was determined by immunoprecipitating 
the complexes, separating the proteins by SDS-PAGE, 
blotting the proteins onto IMOBILON membranes (Millipore; 
Bedford MA), immunoblotting with anti-HA antibody and 

25 quantitating the levels of IkB phosphorylation and HA- 
tagged proteins by phosphoimaging . The results 
demonstrated that endogenous IKKa-associated IKK activity 
exists as two complexes, a larger complex of 
approximately 900 kDa and a smaller one of approximately 

30 300 kDa. Stimulation with TNF increased the IKK activity 
of both complexes, although the extent of increase was 
considerably greater for the 900 kDa complex. 



HA- IKKP -associated IKK activity had exactly the 
same distribution as the IKKa-associated activity, 
35 eluting at 900 kDa and 300 kDa and, again, the extent of 
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TNF responsiveness was considerably greater for the 
900 kDa complex. Comparison to the IKKa-associated 
activity in cells transfected with the empty vector 
indicated that HA-IKKf* expression produced a modest, 
5 approximately 2- fold increase in the relative amount of 
IKK activity associated with the smaller 300 kDa complex. 
These results indicate that the 300 kDa IKK complex, like 
the 900 kDa complex, contains both IKKa and IKK|J. 
However, the 300 kDa lacks other subunits present in the 
10 900 kDa complex. When IKKp was overexpressed, the 
relative amount of the smaller complex increased, 
indicating that some of the subunits that are unique to 
the larger complex are present in a limited amount. 

3. Both IKKa and IKKB contribute to IKK activity 

15 The relative contribution of IKKa and IKK(J to 

IKK activity was examined by constructing mutant subunits 
in which the lysine (K) codon present at position 44 of 
each subunit was substituted with a codon for either 
methionine (M) or alanine (A) codon, respectively. 

20 Similar mutations in other protein kinases render thev 
enzymes defective in binding ATP and, therefore, 
catalytically inactive (Taylor et al . , Ann. Rev. Cell 
BioL. 8:429-462 (1992)). The activity of the IKK mutants 
was compared to the activity of their wild type (wt) 

25 counterparts by cell-free translation in reticulocyte 

lysates using GST- IicBa (1-54) as a substrate. Translation 
of IKKa (KM) resulted in formation of IkB kinase having 
only slightly less activity than the IKK formed by 
translation of wt IKKa. In comparison, translation of 

30 IKKP (KA) did not generate IKK activity. Translation of 
wt IKK3 generated IkB kinase activity as expected. 



The activities of the different proteins also 
was examined by transient transfection in mammalian 
cells. Expression and immunoprecipitation of HA- IKKa (KM) 
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resulted in isolation of cytokine stimulated IKK activity 
that, after TNF stimulation, was 2-to 3-fold lower than 
the activity of IKK formed by wt HA-IKKa isolated from 
TNF- stimulated cells. Similarly, expression and 
5 immunoprecipitation of HA-IKKfS resulted in formation of a 
cytokine responsive IKK activity that, after TNF 
stimulation, was 3- to 5-fold lower than the activity of 
IKK generated by wt HA-IKK0 isolated from TNF stimulated 
cells. In contrast to results obtained by overexpression 

10 of wt HA-IKK3, however, overexpression of HA-IKKp (KA) did 
not result in the generation of basal IKK activity. 
Immunoprecipitation experiments revealed that IKKa(KM) 
associates IKKp and that IKK(5 (KA) associates with IKKa 
and that both IKKa and IKKg undergo homotypic 

15 interactions as efficiently as they undergo heterotypic 
interactions . 

Autophosphorylation of wt and kinase -defective 
HA-IKKa and HA-IKK3 was examined in transiently 
transfected HeLa cells. HeLa cells expressing these 

2 0 proteins were treated with TNF for 10 min, then cell 
lysates of TNF treated or untreated cells were 
immunoprecipitated with HA antibodies and the immune 
complexes were subjected to a phosphorylation reaction 
(DiDonato et al . , supra, 1997). Both wt HA-IKKa and 

25 wt HA-IKK3 were phosphorylated and their 

autophosphorylation was enhanced in TNF- stimulated 
extracts. In contrast, the kinase-def ective IKKa or IKKp 
mutants did not exhibit significant autophosphorylation. 

The role of the LZ and -HLH -motifs in IKKa and IKKB 

30 IKKa and IKK(i both contain leucine zipper (LZ) 

and helix-loop-helix (HLH) motifs, which are known to 
mediate protein-protein interactions through their 
hydrophobic surfaces. The role of the LZ motif in the 
IKK subunit interaction was examined using an IKKa 
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mutant in which the L462 and L469 residues within the LZ 
region were substituted with serine residues. The role 
of the HLH motif was examined using an HLH mutant of IKKa 
containing a substitution of L605 with arginine (R) and 
5 of F606 with proline (P) . The activity of the IKKa LZ" 
and HLH" mutants was examined by transient transfection in 
293 cells, either alone or in the presence of 
cotransf ected Flag- IKKa. 

Expression of wt HA- IKKa generated substantial 

10 IKK activity that was isolated by immunoprecipitation 
with ant i -HA, whereas very little IKK activity was 
generated in cells transfected with either the 
HA- IKKa (LZ) ' or HA- IKKa (HLH) ' mutant. Coexpression of the 
mutant IKK subunits with Flag- IKKp resulted in a 

15 substantial increase in the IKK activity isolated by 

immunoprecipitation of HA- IKKa, but had no effect on the 
very low activity that coprecipitated with HA- IKKa (LZ) " . 
However, coexpression of Flag-IKKp did stimulate the low 
level of IKK activity associated with HA- IKKa (HLH) ' . 

20 Probing of the HA immune complexes with anti-Flag (M2) 
antibodies indicated that both wt HA- IKKa and 
HA- IKKa (HLH) " associated with similar amounts of 
Flag-IKKp, but that the HA- IKKa (LZ) " mutant did not 
associate with Flag- IKKP . These results indicate that 

25 the lower IkB kinase activity associated with the 

IKKa (LZ) " mutant is due to a defect in its ability to 
interact with IKKp . The lower IkB kinase activity of the 
IKKa (HLH)' mutant, on the other hand, likely is due to a 
defect in the ability to interact with a second, 

30 undefined protein-, since the HLH mutant can interact with 
IKKp. 

5^ Both IKK a and IKKB are necessary for NF-kB activation 

The contribution of IKKa and IKKp to NF-kB 
activation was examined using HeLa cells transfected with 
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expression vectors encoding HA-tagged wt IKKa, IKKa (KM), 
wt IKKP and IKKfJ (KA) ; an HA-JNKl vector was used as a 
control. NF-kB activation was assessed by examining the 
subcellular distribution of RelA(p65) by indirect 
5 immunofluorescence . 

HeLa cells were grown on glass cover slips in 
growth medium, then transfected with 1 fig plasmid DNA by 
the lipofectatnine method. After 24 hr, samples of cells 
were stimulated with 20 ng/ml TNF for 3 0 min, then 

10 stimulated or unstimulated cells were washed with PBS and 
fixed with 3.5% formaldehyde in PBS for 15 min at room 
temperature (RT) . The fixed cells were permeablized with 
0.02% NP-40 in PBS for 1 min, then incubated with 100% 
goat serum at 4°C for 12 hr. The cells then were washed 

15 3 times with PBS and incubated with a mixture of a rabbit 
anti-NF-KB p65 (RelA) antibody (1:100 dilution; Santa 
Cruz Biotech) and a mouse monoclonal ant i -HA antibody in 
PBS containing 1% BSA and 0.2% TRITON X-100 at 37 °C for 
2 hr. Cells then were washed 3 times with PBS containing 

20 0.2% TRITON X-100 and incubated for 2 hr at RT with 
secondary antibodies , fluorescein- conjugated goat 
affinity purified ant i -mouse IgG-IgM and rhodamine- 
conjugated IgG fraction goat anti-rabbit IgG (1:200 
dilution; Cappel) . Cells were washed 4 times with PBS 

25 containing 0.2% TRITON X-100, then covered with a drop of 
gelvatol mounting solution and viewed and photographed 
using a Zeiss Axioplan microscope equipped for 
epif luorescence with the aid of fluoroscein and rhodamine 
specific filters. 

30 Double staining with both ant i -RelA and ant-i-HA 

revealed that expression of moderate amounts of either 
wt IKKa or wt IKK(J did not produce considerable 
stimulation of RelA nuclear translocation. In addition, 
the wt IKK proteins did not interfere with the nuclear 

35 translocation of RelA induced by TNF treatment. However, 
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expression of similar levels of either IKKa (KM) or 
IKKP(KA), as determined by the intensity of the 
fluorescent signal, inhibited the nuclear translocation 
of RelA in TNF-treated cells. Expression of HA-JNK1 had 
5 no effect on the subcellular distribution of RelA. Since 
the subcellular distribution of RelA is dependent on the 
state and abundance of IkB, these results indicate that 
expression of either IKKa(KM) or IKK(J (KA) inhibits the 
induction of IkB phosphorylation and degradation by TNF. 

10 EXAMPLE IV 

ISOLATION OF IkB KINASE COMPLEX 

This example demonstrates a method for 
isolating the 90 0 kDa IkB kinase complex comprising an 
IKKa polypeptide. 



15 Proteins that associate with IKKa in vivo were 

isolated by immunoprecipitation using HIS6 and FLAG 
epitope tags. The HIS6- FLAG- IKKa (HF-IKKa) encoding 
construct was prepared using a double stranded 
oligonucleotide , 5 ' - AGCTTGCGCGTATGGCTTCGGGTCATCACCATCACCA 

2 0 TCACGGTGACTACAAGGACGACGATGACAAAGGTGACATCGAAGGTAGAGGTCA- 3 1 
(SEQ ID NO: 16) , which encodes six histidine residues 
(HIS6) , the FLAG epitope and the factor Xa site in 
tandem. The oligonucleotide was inserted using Hindi II- 
Ndel site in frame with the N-terminus of the IKKa coding 

25 sequence in the BLUESCRIPT KS plasmid (Stratagene; 

La Jolla CA) . The Hindlll-NotI fragment of this plasmid, 
which contains the HF-IKKa cDNA sequence, was subcloned 
i-nto the pRc pact in mammalian expression vector, which 
contains a nucleic acid sequence conferring neomycin 

30 resistance, to produce plasmid pRC-HF-IKKa. Expression 
of the HF-IKKa polypeptide was confirmed by western blot 
analysis using ant i- FLAG antibodies. 
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pRC-HF- IKKa was transfected into human 
embryonic kidney 293 cells and transfected cells were 
selected for growth in the presence of G418. A low basal 
level of IKK activity was detected in cells expressing 
5 HF- IKKa and IKK activity increased several fold when the 
cells were treated with TNFa. This result indicates that 
the HF- IKKa expression in 293 cells is associated with 
IKK activity in the cells and that such IKK activity is 
inducible in response to TNFa, 

A 293 cell line that expresses KF- 1 KKcu wa. s 
selected and expanded to approximately 4 x 10 8 cells. The 
cells were treated with 10 ng/ml TNFa for 5 min, then 
harvested in ice cold PBS by centrifugation at 2500 x g. 
The cell pellet was washed with ice cold PBS, resuspended 
in lysis buffer (20 mM Tris, pH 7.6), 150 mM NaCl, 
1% TRITON X-100, 20 mM p- glycerophosphate, 2 mM PNPP, 
1 mM Na 3 V0 4# 5 mM p-mercaptoethanol , 1 mM EDTA, 0.5 mM 
EGTA, 1 mM PMSF, 3 /zg /ml peps tat in, 3 /ig/ml leupeptin, 
10 /ig/ml bestatin and 25 /xg/ml aprotinin) , and lysed by 
20 strokes in a glass Dounce homogenizer (pestle A) . 

The homogenate was centrifuged at 15,000 rpm in 
a Beckman SS34 rotor for 3 0 min at 4°C. The supernatant 
was collected, supplemented with 20 mM imidazole and 
300 mM NaCl, then mixed with 0.5 ml of a 50% slurry of 
25 Ni-NTA (nickel nitrilotriacetic acid; Qiagen, Inc.; 

Chatsworth CA) and stirred for 4 hr at 4°C. Following 
incubation, the resin was pelleted at 200 x g and the 
supernatant was removed. The resin was washed 3 times 
with. 50. ml binding buffer containing 25 mM imidazole. 

30 Proteins bound to the resin were eluted in 2 ml 

binding buffer containing 150 mM imidazole and 20 mM DTT. 
The eluate was mixed with 100 /xl of a 50% slurry of 
anti-FLAG antibody coupled to SEPHAROSE resin using the 
AMINOLINK PLUS immobilization kit (Pierce Chem. Co.; 
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4 hr at 4°C The resin was 
Rock ford ID and stirred or ^ ^ ^ and 

pelleted at 1000 x g, the B P (without 
the resin was 

„ a shed wrth » - - then „ ere elute<i 

lm ida, 0l e, • -""^ana examined by »» SOS- 
5 with 1% SDS or with FLAG pep 

PAGE. 

• -nc revealed the presence of seven 
Silver staining reveaie confirme d by 

,-v, 0 HF-IKKa, which was couj- 
proteins, induing the H J m ^ 

a «aivsis using anci ru«. ^_ 

western ^ ar , nt mo lecular masses ^ 

copu rixied Pushed apparent . ^ ^ ^ ^ w 

— 6 8 "a XKK «ates with the 

the endogenous 87 KDa p along with 

some or an UJ - 
900 kDa 1KB kinase complex. 

EXAMPLE V 

Thi s e*a„*Ie provides a method o £ product 
anti-IKK antisera. 

Anti-IKKot antibodies were raised 
u sin 9 either His-ta 99 ed IKKo ^ °„ 

IKKa peptide ER PPGI*Pa***» <« » lM<mogen . ^i-IKK* 
TIIHEAWEEQGNS (SEQ ID 1 ' d SKVRGPVSGSPDS 

«W- — Tade werf on^ated to .eyhoie 

,SEQ ID NO: 191 • The peptides we ^ 
U he»ocyanin (Signa Che. oa 

peptide in complete ionizations were 

th e priory i-*^ iramunogen and were repeated 
performed usrna SO to Jf lntervals . Ra bbits -ere bled 
r wee"-;- f inai booster and antisera were 
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collected. Anti-IKKa antiserum was specific for IKKa and 
did not cross react with IKKfJ . 

EXAMPLE VI 

USE OF AN IKK SUB UN IT IN A DRUG SCREENING ASSAY 

5 This example describes an assay for screening 

for agents such as drugs that alter the association of an 
IKK subunit and a second protein that specifically 
associates with the IKK subunit. 

A GST- IKK subunit fusion protein or HIS6-IKK 
subunit fusion protein can be prepared using methods as 
described above and purified using glutathione- or metal - 
chelation chromatography, respectively (Smith and 
Johnson, Gene 67:31-40 (1988), which is incorporated 
herein by reference; see, also, Example IV) . The fusion 
protein is immobilized to a solid support taking 
advantage of the ability of the GST protein to 
specifically bind glutathione or of the HIS6 peptide 
region to chelate a metal ion such as nickel (Ni) ion or 
cobalt (Co) ion (Clontech) by immobilized metal affinity 
chromatography. Alternatively, an anti-IKK antibody can 
be immobilized on a matrix and the IKK-a can be allowed 
to bind to the antibody. 

The second protein, which can be IkB or a 
protein that copurifies with IKK subunit as part of the 
25 900 kDa IkB kinase, for example, can be detect ably 

labeled with a moiety such as a fluorescent molecule or a 
radiol-abel (Hermanspn, supra, 1996), then contacted in 
solution with the immobilized IKK subunit under 
conditions as described in Example I, which allow IkB to 
30 specifically associate with the IKK subunit. Preferably, 
the reactions are performed in 96 well plates, which 
allow automated reading of the reactions. Various agents 
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We claim: 

» rotated nucleic acid molecule , 
x . » "° la " d enooding an 1KB Kinase 

cousin* « rphosp.oryla.es the inhihitor 

(IKK ) subunit, IKKB. » s arine-36 and has an 

5 a hf-kB (IKBo) on f 7 kUoDalto ns; or a 

apparent molecular mass of about 37 
nucleotide sequence complementary thereto. 

, The nucleic acid molecule of dUtal. 

10 NO: 14. 

sequence eho»n in SEQ ID NO: 

4 A pol ynucleotide, comprising a nucleotide 
„ seance selected from the group consists of, 

a , a nucleotide sequence encoding at least 

b) a nucleotide seguence <-*-f£^° 
a nucleotide sequence encoding *1 - « 
contiguous amino acrds of SEQ 

c, a mixture of nucleotide sequence, 

ino a nucleotide sequence encoding at 
comprising a nucie 

stranded polynucleotides or 
polynucleotides. 
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7. the nucleic ^ in S EQ 

the nucleotide sequ 
comprising claim 6 , 
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en ce complementary to 
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c) a mixture of said at least nine 
contiguous nucleotide and said nucleotide 
sequence complementary thereto, wherein said 
mixture comprises single stranded 
5 polynucleotides or double stranded 

polynucleotides . 

10. An antisense nucleic acid molecule/ 
comprising a polynucleotide sequence complementary to at 
least nine contiguous nucleotides of SEQ ID NO: 1, 
10 further comprising at least three contiguous nucleotides 
within positions -35 to 92 of SEQ ID NO: 1, wherein said 
polynucleotide sequence binds to and inhibits the 
expression of a nucleic acid molecule encoding an IkB 
kinase . 

15 11. A vector, comprising the nucleic acid 

molecule or the polynucleotide of any of claims 1 to 10. 

12. The vector of claim 11, which is an 
expression vector. 

13. The vector of claim 11, which is a viral 

20 vector. 

14 . A host cell containing the vector of 

claim 11. 

15. An isolated IkB kinase 0 subunit (IKK(S) , 
wherein said IKKf* phosphorylates serine-32 and serine-36 

25 of IkBcx and has an apparent molecular mass of 

87 kiloDaltons as determined by SDS-polyacrylamide gel 
electrophoresis in an 8% gel under reducing conditions. 

16. The isolated IKK(1 of claim 15, comprising 
the amino acid sequence as shown in SEQ ID NO: 15. 
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. ide , comprising at 

17- A ^ of SEQ 1^0-- 15 • 

te isolated human I«B serin e-32 and 
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15 Baid ^ 8 the amino acid shown at P 
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25 amino acid 
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26 . The csU line of eUi- 7*. which is a 
hybridoma cell line. 

^ahes the ^ ^ - " the st e P * 
5 subunit and a second protein, 

. „ the ikk subunit and the 
contacting the I om ^ 

second protein, under co 
. 4^,- association of saia 

suspected of being able 
10 specific association; and 

~ ^lt-^red association of 
W * eteCting ~ s ec ond protein in the 
said IKK subunit and said secon P^ 

presence of said agent, where ^ 

association identifies an agent ^ 

the specific association of said 

and said second protein. 

28 The method of clai™ 27, wherein -id 

• is in an in vitro reaction and said IKK 
contacting is m an ax 
20 subunit is isolated. 

t ;™ o7 wherein said 
29 The method of claim 27, wn 

is in a cell in culture, 
contacting is in <* 

x i, 4m ?9 wherein said cell 
30. The method af*£ £ . ^ ^ ^ 

is selected from the group consisting 
25 and a yeast cell- " 

31 The method of claim 27, wherein said 
■ ■ « detected by measuring the 
alt ered association is detecte y 

transcriptional activity of a rep 
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40. A method for identifying an agent that 
alters IkB kinase (IKK) activity, comprising the steps 
of: 

a) incubating an isolated composition 

5 having IKK activity with an agent suspected of 

being able to alter said IKK activity; and 

b) determining altered IKK activity of 
said composition in the presence of said agent, 
wherein said altered IKK activity identities an 

10 agent that alters said IKK activity of said 

composition. 

41. The method of claim 40, wherein said agent 
is a protein kinase inhibitor. 

42. The method of claim 40, wherein said 
15 composition comprises an IKK subunit. 

43. The method of claim 40, wherein said 
composition comprises a 300 kDa IkB kinase complex or a 
900 kDa IkB kinase complex. 

44. The method of claim 43, wherein said 
20 composition comprises IKKa or IKK0. 

45. A method of obtaining isolated IkB kinase 
(IKK) from a sample containing the IKK, comprising the 
steps of- : 

25 a) contacting the sample containing the 

IKK with an antibody the specifically binds an 
epitope of the IKK; and 



b) obtaining isolated IKK bound to said 
antibody. 
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antibody specifically bind. - IKK cata 

in The method of claim 45, wherein said 
catalytic subunit is IKKo or IKKp. 

48 The method o£ claim 45, wherein said 

.oiflcally binds a tag linked to an IKK 
antibody specifically 

catalytic subunit. 

„. The method of claim 48. wherein said 

10 comprises a peptide tag selected from an H* tag, 
tag and a FLAG tag. 

50 . The method of claim 45, wherein said 
isolated IKK is an IKK complex. 

„ The method of claim 50, «*~«" °f W 
lsx is a' 300 KDa IKK complex or a ,00 »a IKK 

15 complex xs a ^>^^ 

complex. 

52 a method of obtaining substantially 

. (IKK) from a sample containing the 
purified 1KB kinase (IKK) tr 
IKK, comprising the steps of: 

a) contacting the sample containing the 

20 \ ^ triphosphate (ATP) 

IK K with adenosine trxph P 

immobilized on a matri* , un ^ ^ ^ 

suitable for binding of sai 

• • ^„p fraction of said sample 

.- - -b)- -obtaining., the. f race 10 

M 1TP said fraction 
that binds to said ATP, 

containing said IKK; 

iA fraction containing 
c) contacting said f ractio 

twR immobilized on a 
said 1KB kinase with IkB immo 
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matrix, under conditions suitable for binding 
of said IkB kinase with said IkB; and 

d) obtaining substantially purified IkB 
kinase from said IkB immobilized on a matrix. 

5 53 . A method of modulating NF-kB activity in 

cell, comprising contacting the cell with an agent that 
alters the association of an IkB kinase (IKK) or an IKK 
catalytic subunit and a second protein. 

54. A method of modulating NF-kB activity in 
10 cell, comprising contacting the cell with an agent that 

alters the activity of an IkB kinase. 

55. A method of modulating NF-kB activity in 
cell, comprising introducing into the cell an antisense 
IkB kinase (IKK) subunit nucleic acid molecule. 



15 



56. The method of claim 55, wherein said 
antisense IKK subunit nucleic acid molecule is expressed 
in the cell from a vector. 
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1 CGCGTCCCTG CCGACAGAGT TAGCACGACA TCAGTATGAG CTGGTCACCT TCCCTGACAA 

61 CGCAGACATG CGGGGCCTGG GAAATGAAAG AGCGCCTTGG GACAGGGGGA TTTGGAAATG 

121 TCATCCGATG GCACAATCAG GAAACAGGTG AGCAGATTGC CATCAAGCAG TGCCGGCAGG 

181 AGCTCAGCCC CCGGAACCGA GAGCGGTGGT GCCTGGAGAT CCAGATCATG AGAAGGCTGA 

241 CCCACCCCAA TGTGGTGGCT GCCCGAGATG TCCCTGAGGG GATGCAGAAC TTGGCGCCCA 

301 ATGACCTGCC CCTGCTGGCC ATGGAGTACT GCCAAGGAGG AGATCTCCGG AAGTACCTGA 

361 ACCAGTTTGA GAACTGCTGT GGTCTGCGGG AAGGTGCCAT CCTCACCTTG CTGAGTGACA 

421 TTGCCTCTGC GCTTAGATAC CTTCATGAAA ACAGAATCAT CCATCGGGAT CTAAAGCCAG 

481 AAAACATCGT CCTGCAGCAA GGAGAACAGA GGTTAATACA CAAAAT TATT GACCTAGGAT 

541 ATGCCAAGGA GCTGGATCAG GGCAGTCTTT GCACATCATT CGTGGGGACC CTGCAGTACC 

601 TGGCCCCAGA GCTACTGGAG CAGCAGAAGT ACACAGTGAC CGTCGACTAC TGGAGCTTCG 

661 GCACCCTGGC CTTTGAGTGC ATCACGGGCT TCCGGCCCTT CCTCCCCAAC TGGCAGCCCG 

721 TGCAGTGGCA TTCAAAAGTG CGGCAGAAGA GTGAGGTGGA CATTGTTGTT AGCGAAGACT 

781 TGAATGGAAC GGTGAAGTTT TCAAGCTCTT TACCCTACCC CAATAATCTT AACAGTGTCC 

841 TGGCTGAGCG ACTGGAGAAG TGGCTGCAAC TGATGCTGAT GTGGCACCCC CGACAGAGGG 

901 GCACGGATCC CACGTATGGG CCCAATGGCT GCTTCAAGGC CCTGGATGAC ATCTTAAACT 

961 TAAAGCTGGT TCATATCTTG AACATGGTCA CGGGCACCAT CCACACCTAC CCTGTGACAG 

1021 AGGATGAGAG TCTGCAGAGC TTGAAGGCCA GAATCCAACA GGACACGGGC ATCCCAGAGG 

1081 AGGACCAGGA GCTGCTGCAG GAAGCGGGCC TGGCGTTGAT CCCCGATAAG CCTGCCACTC 

1141 AGTGTATTTC AGACGGCAAG TTAAATGAGG GCCACACATT GGACATGGAT CTTGTTTTTC 

1201 TCTTTGACAA CAGTAAAATC ACCTATGAGA CTCAGATCTC CCCACGGCCC CAACCTGAAA 

1261 GTGTCAGCTG TATCCTTCAA GAGCCCAAGA GGAATCTCGC CTTCTTCCAG CTGAGGAAGG 

1321 TGTGGGGCCA GGTCTGGCAC AGCATCCAGA CCCTGAAGGA AGATTGCAAC CGGCTGCAGC 

1381 AGGGACAGCG AGCCGCCATG ATGAATCTCC TCCGAAACAA CAGCTGCCTC TCCAAAATGA 

1441 AGAATTCCAT GGCTTCCATG TCTCAGCAGC TCAAGGCCAA GTTGGATTTC TTCAAAACCA 

1501 GCATCCAGAT TGACCTGGAG AAGTACAGCG AGCAAACCGA GTTTGGGATC ACATCAGATA 

1561 AACTGCTGCT GGCCTGGAGG GAAATGGAGC AGGCTGTGGA GCTCTGTGGG CGGGAGAACG 

1621 AAGTGAAACT CCTGGTAGAA CGGATGATGG CTCTGCAGAC CGACATTGTG GACTTACAGA 

1681 GGAGCCCCAT GGGCCGGAAG CAGGGGGGAA CGCTGGACGA CCTAGAGGAG CAAGCAAGGG 
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1741 AGCTGTACAG GAGACTAAGG GAAAAACCTC GAGACCAGCG AACTGAGGGT GACAGTCAGG 

1801 AAATGGTACG GCTGCTGCTT CAGGCAATTC AGAGCTTCGA GAAGAAAGTG CGAGTGATCT 

1861 ATACGCAGCT CAGTAAAACT GTGGTTTGCA AGCAGAAGGC GCTGGAACTG TTGCCCAAGG 

1921 TGGAAGAGGT GGTGAGCTTA ATGAATGAGG ATGAGAAGAC TGTTGTCCGG CTGCAGGAGA 

1981 AGCGGCAGAA GGAGCTCTGG AATCTCCTGA AGATTGCTTG TAGCAAGGTC CGTGGTCCTG 

2041 TCAGTGGAAG CCCGGATAGC ATGAATGCCT CTCGACTTAG CCAGCCTGGG CAGCTGATGT 

2101 CTCAGCCCTC CACGGCCTCC AACAGCTTAC CTGAGCCAGC CAAGAAGAGT GAAGAACTGG 

2161 TGGCTGAAGC ACATAACCTC TGCACCCTGC TAGAAAATGC CATACAGGAC ACTGTGAGGG 

2221 AACAAGACCA GAGTTTCACG GCCCTAGACT GGAGCTGGTT ACAGACGGAA GAAGAAGAGC 

22B1 ACAGCTGCCT GGAGCAGGCC TCATGATGTG GGGGGACTCG ACCCCCTGAC ATGGGGCAGC 

2341 CCATAGCAGG CCTTGTGCAG TGGGGGGACT CGACCCCCTG ACATGGGGCT GCCTGGAGCA 

2401 GGCCGCGTGA CGTGGGGCTG CCTGGCCGTG GCTCTCACAT GGTGGTTCCT GCTGCACTGA 

2461 TGGCCCAGGG GTCTCTGGTA TCCAGATGGA GCTCTCGCTT CCTCAGCAGC TGTGACTTTC 

2521 ACCCAGGACC CAGGACGCAG CCCTCCGTGG GCACTGCCGG CGCCTTGTCT GCACACTGGA 

2581 GGTCCTCCAT TACAGAGGCC CAGCGCACAT CGCTGGCCCC ACAAACGTTC AGGGGTACAG 

2641 CCATGGCAGC TCCTTCCTCT GCCGTGAGAA AAGTGCTTGG AGTACGGTTT GCCACACACG 

2701 TGACTGGACA GTGTCCAATT CAAATCTTTC AGGGCAGAGT CCGAGCAGCG CTTGGTGACA 

2761 GCCTGTCCTC TCCTGCTCTC CAAAGGCCCT GCTCCCTGTC CTCTCTCACT TTACAGCTTG 

2821 TGTTTCTTCT GGATTCAGCT TCTCCTAAAC AGACAGTTTA ATTATAGTTG CGGCCTGGCC 

2881 CCATGGTCAC TTCCTCTTTT TATTTCACTG CTGCTAAAAT TGTGTTTTTA C 
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